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Introduction
For over 50 years behavioral psychology has been faced with the challenge of
explaining novel behavior, or behavior that has not been trained directly. When stimuli
share one or more features (e.g., color or shape), generalization across the stimuli can be
readily observed with both human and nonhuman subjects, even when the critical features
can not be clearly defined (e.g., natural categories of trees, people, and bodies of water;
Herrnstein, Loveland, & Cable, 1976). A special problem arises, however, when novel
behavior occurs with respect to categories or classes of stimuli that share no perceptual
similarity. Categories of stimuli that are dissimilar, but related to common events or
functions, have been termed “arbitrary stimulus classes.” For example, an arbitrary
stimulus class may consist of a car, the written word C-A-R, and the spoken word “CAR.”
Because these stimuli are dissimilar, novel behavior that occurs with respect to them must
be derived through processes independent of the physical or perceptual features of the
stimuli. Despite considerable interest this topic has received (see Zentall & Smeets, 1996
for a comprehensive overview), the nature of those processes is largely unknown.
The present study investigated two kinds of arbitrary stimulus classes, stimulus
equivalence classes and functional stimulus classes. These stimulus classes have been
differentiated mainly by the procedures used to establish them. Recent interest, however,
has turned to determining whether or not the same behavioral processes underlie their
establishment and demonstration (e.g., Dube, McDonald, & McIlvane, 1991; Sidman
1994; Sidman, Wynne, Maguire, & Barnes, 1989; Vaughan, 1988). In addition, because
stimulus equivalence classes and functional stimulus classes comprise the essential features

2
of complex symbolic or linguistic behavior, understanding the conditions under which they
are established, altered, or maintained might extend the role of behavioral processes to
account for complex human behavior. Toward those ends, two experiments compared
some properties of stimulus equivalence classes and functional stimulus classes, and
assessed whether the characteristic procedures that commonly are used to establish them
differentially affect their stability and expansion.
Stimulus Equivalence
Stimuli that are arbitrarily assigned to a class can be related on the basis of
stimulus equivalence. Stimulus equivalence is exhibited when the properties of reflexivity,
symmetry, and transitivity are demonstrated among the stimuli (Sidman, Rauzin, Lazar,
Cunningham, Tailby, & Carrigan, 1982; Sidman & Tailby, 1982). In the typical
procedure, baseline relations from which the other relations are derived are trained
explicitly. First the selection of B is trained in the presence of A, and then the selection of
C is trained in the presence of B. Following the successful establishment of these
relations, the various properties of equivalence are tested without feedback. Reflexivity is
demonstrated by matching each stimulus to itself. Symmetry is demonstrated by the
selection of A in the presence of B and the selection of B in the presence of C, and
transitivity is demonstrated by the selection of C in the presence of A. An additional
relation, called equivalence or combined symmetry and transitivity, is demonstrated by the
selection of A in the presence of C. Thus, the training of a few relations seems to provide
the prerequisites for the demonstration of several untrained relations. This generative
property of equivalence has been used to account for the rapid acquisition and
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productivity of children’s verbal repertoires (Devany, Hayes, & Nelson, 1986; Horne &
Lowe, 1996) and, therefore, it has particular relevance to language and verbal behavior
(Hall & Chase, 1991; Hayes, 1991; Sidman et al., 1982; Sidman, 1994).
Functional Equivalence
Stimuli are said to be functionally equivalent when they control the same response
and when they are functionally substitutable for each other (Goldiamond, 1962, 1966).
For example, if the word “car” is spoken reliably in the presence of an actual car and a
picture of a car, the stimuli are said to be functionally equivalent. Additionally,
functionally equivalent stimuli form a stimulus class if it can be shown that “contingencies
applied to one member of the class will affect other members of that class” (Goldiamond,
1962, p. 303). That is, if the word “car” and the new word “automobile” are spoken and
reinforced in the presence of an actual car, and then, without explicit training, the word
“automobile” is spoken in the presence of a picture of a car, the actual car and picture of
car constitute a functional stimulus class. This generative aspect of functional stimulus
classes was noted previously as mediated association or mediated transfer (Peters, 1935),
mediated or semantic generalization (Cofer & Foley, 1942), and acquired equivalence
(Goss, 1961). Cofer and Foley (1942), for example, recognized that physically dissimilar
stimuli can become part of a class when they control the same response; when a second
response is trained to one of those stimuli, the other stimuli also will control the second
response.
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Relation between Stimulus Equivalence and Functional Equivalence
Similarities
Several similarities between the properties of stimulus equivalence classes and
functional stimulus classes have been identified (see also Dube et al., 1991). Generativity,
that is, the emergence of untrained relations from the explicit training of a few, is one
observed similarity between both types of classes. Also, conditional discrimination or
matching-to-sample procedures can be used to expand both classes (e.g., deRose,
McIlvane, Dube, Galpin, & Stoddard, 1988; Ellenwood & Chase, 1997; Sidman et al.,
1989). In addition, the defining properties of stimulus equivalence classes (e.g.,
reflexivity, symmetry, and transitivity) can be demonstrated among stimuli of functional
stimulus classes using conditional discrimination or matching-to-sample procedures (e.g.,
Ellenwood & Chase, 1997; McIlvane, Dube, Kledaras, Iennaco, & Stoddard, 1990;
Sidman et al., 1989; Sigardardottir, Green, & Saunders, 1990). In other words, when a
set of functionally equivalent stimuli are presented in a matching-to-sample or conditional
discrimination format, subjects tend to match stimulus-class members to each other. The
reverse also has been demonstrated -- that is, stimuli of equivalence classes also reveal
themselves to functionally interchangeable (Dube et al., 1991; Lazar, 1977; Lazar &
Katlarchyk, 1986; Mackay, 1985; Mackay & Sidman, 1984; Silverman, Anderson,
Marshall, & Baer, 1986; Wulfert & Hayes, 1986). For example, if a response is trained to
one stimulus of an equivalence class, the same response will tend to be controlled by other
stimuli of the class without additional training.
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Because stimulus equivalence seems to imply functional equivalence, it has been
suggested that they might be related. For example, Vaughan (1988) has suggested that
functional stimulus classes and stimulus equivalence classes are fundamentally similar.
Using pigeons, Vaughan demonstrated equivalence-like relations among sets of arbitrarily
related stimuli established through a simple discrimination procedure. Vaughan trained
pigeons to peck in the presence of a set of positive stimuli and not peck in the presence of
a set of negative stimuli. When the discriminations were established, the functions for
some of stimuli in each set were reversed, so that the former negative stimuli became
discriminative for pecking and the former positive stimuli became discriminative for not
pecking. After repeatedly reversing the discriminations for some stimuli in each set,
Vaughan observed that exposure to the reversed contingencies for some of the
discriminations resulted in the immediate reversal of the others. The repeated
discrimination reversals gave rise to a partition of a large set of stimuli into two subsets of
functionally interchangeable stimuli. According to Vaughan (1988) (see also Sidman et
al., 1989; Sidman, 1994), such a partition shares a similar mathematical structure to an
equivalence relation.
Because of these similarities, the concepts of functional and stimulus equivalence
have been incorporated under a single unifying conceptual framework (see Sidman, 1994).
According to Sidman, stimulus equivalence and functional equivalence share a common
underlying process. This view is based, in part, by the generative or untrained
performances observed with both kinds of classes, and by demonstrations of stimulus
equivalence and functional equivalence under similar contexts or within the same class of
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stimuli. Furthermore, the partitioning of stimuli into subsets of functionally equivalent
stimuli suggests a correspondence that is supported both mathematically and behaviorally
(Hall & Chase, 1991; Sidman, 1994; Vaughan, 1988).
Differences
Although correspondences between stimulus equivalence and functional
equivalence suggest a common underlying process, other evidence tends to support their
independence. For example, demonstrations of equivalence relations among stimuli of
functional stimulus classes often are not successful with some subjects (e.g., Dube et al.,
1991; Sidman et al., 1989). Also, the establishment of stimulus equivalence classes and
functional stimulus classes involves separate procedures that produce two distinct
behavioral repertoires. Stimulus equivalence classes require conditional discriminations
whereas functional stimulus classes usually involve the establishment of simple
discriminations.
Michael (1985) recognized these procedural differences when he distinguished
between two types of verbal behavior, selection-based and topography-based behavior.
Pointing to or selecting one of several objects or stimuli are examples of selection-based
verbal behaviors, whereas speaking and signing are examples of topography-based verbal
behavior. According to Michael (1985) (see also Wraikat, Sundberg, & Michael, 1991),
the two response types are distinct verbal operants. On one hand, the operant unit in
selection-based responding consists of an “increased control of a pointing response by a
particular stimulus (such as verbal symbols) as a result of the presence of a different
[italics added] stimulus” (Michael, 1985, p. 1). On the other hand, the unit in topography-

7
based behavior, is “an increased strength of a distinguishable topography given some
specific [italics added] controlling variable” (Michael, 1985, p. 1).
The functional similarity between selection-based and topography-based
responding, however, also has been identified (Michael, 1985; Hall & Chase, 1991).
Michael (1985) showed in both cases that the subject or speaker produces a stimulus to
which a listener (e.g., experimenter, parent, or teacher) responds. For example, in a
topography-based procedure a speaker may be asked to write c-a-t in the presence of a
cat, and d-o-g in the presence of a dog. The stimuli that are produced for the listener are
the words c-a-t and d-o-g. In a selection-based procedure, the speaker would be asked to
point to the words c-a-t and d-o-g and, again, the stimuli produced for the listener are the
words c-a-t and d-o-g. The critical function is a stimulus produced for the listener by a
speaker and the listener responding to the stimulus in ways that either reinforce or punish
the speaker’s behavior. Hall and Chase (1991) expanded this analysis to a discussion of
stimulus equivalence by showing that the mathematical definition of equivalence did not
require a selection-based response. Equivalence is demonstrated when a particular
response occurs in the presence of stimuli that hold reflexive, symmetric, and transitive
relations. Thus, the relation could be a selection response or a topographically distinct
response such as “x goes with y.”
Regardless of this similarity in function, selection-based and topography-based
responding differ in a number of ways (cf. Michael, 1985). Selection-based responding
involves a conditional discrimination consisting of at least two controlling stimuli (e.g., a
sample and comparison stimulus in matching-to-sample procedures), whereas topography-
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based responding requires only one controlling stimulus, the discriminative stimulus.
Furthermore, selection-based responding requires an effective scanning repertoire, which
is deficient or absent in some individuals (Michael, 1985) and can necessitate special
training (Mirenda, 1985; Sundberg & Sundberg, 1990). The task can become more
complex when the number of scanned alternatives increase or when they are not presented
simultaneously or close together. Because selection-based behavior involves additional
sources of control and increased complexity in the prerequisite behavioral repertoires
compared to topography-based behavior, differences in ease of acquisition, precision of
control, and susceptibility to interference should tend to favor topography-based behavior
(Michael, 1985).
The distinction between selection-based and topography-based responding seems
relevant to recent issues surrounding the role of naming (cf. Horne & Lowe, 1996) in the
establishment and demonstrations of stimulus equivalence. Studies that have investigated
the role of naming in the formation of equivalence classes (e.g., Dugdale & Lowe, 1990;
Eikeseth & Smith, 1992) found that explicitly training a common response (e.g., a name)
to a set of stimuli tends to facilitate subsequent demonstrations of stimulus equivalence
using selection-based conditional discrimination procedures, especially when initially tests
of equivalence are not successful.
Other studies, however, provide evidence against the necessity of a naming
repertoire in the formation of stimulus equivalence. For example, successful
demonstrations of equivalence have been found with subjects with limited verbal skills and
when nonsense stimuli are used for which extant names are unlikely (Barnes, McCullaugh,

9
& Keenan, 1990; Dube, McIlvane, Mackay, & Stoddard, 1987; Green, 1990; Saunders,
Wachter, & Spradlin, 1988; Sidman, Wilson-Morris, & Kirk, 1986). Furthermore,
Saunders and Spradlin (1990) showed that subjects exhibited symmetry even when
requiring subjects to say the same name to all stimuli throughout training prevented
differential naming.
Although the role of naming in demonstrations of equivalence is not yet clear, one
possibility is that naming establishes functional equivalence among the set of stimuli
(Galizio, 1996), which, in turn, can facilitate the establishment of a stimulus equivalence
class. This possibility is further supported by a study by McIntyre, Cleary, and Thompson
(1987), who has provided perhaps the strongest evidence of symmetrical responding in a
nonhumans (monkeys) when a shared response was trained to each stimulus-class
member. The question remains, however, whether the facilitative effects of naming are
related to the reported advantages of topography-based over selection-based responding
or, in other words, to a priority of functional equivalence over stimulus equivalence.
Statement of the Problem
Despite evidence supporting a relation between stimulus equivalence and
functional equivalence and their independence, stimulus equivalence and functional
equivalence have not been directly compared experimentally. A few studies, however,
have compared selection-based and topography-based behavior (e.g., Sundberg &
Sundberg, 1990; Wraikat et al., 1991). These studies provide some evidence supporting
the advantage of topography-based verbal relations over selection-based behavior. For
example, using developmentally disabled adults, Wraikat et al. established topography-
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based behavior by training a specific response (e.g., sign or gesture) in the presence an
object or its name. Selection-based behavior also was established by training the same
subjects to select a specific symbol (out of an array of two or three) in the presence of an
object or its name. Subjects then were tested for several untrained verbal relations (e.g.,
pointing to an object given only its name). Results showed that subjects learned the
topography-based verbal relations (e.g., signs or gestures) in fewer trials than the
selection-based relations (e.g., pointing to an object), and subjects demonstrated more
untrained verbal relations among those objects that entered into topography-based verbal
relations than selection-based relations. Wraikat et al. (see also Sundberg & Sundberg,
1990) suggested that the novel untrained relations observed were similar to equivalence
relations but, because the properties of stimulus equivalence were not explicitly tested, this
conclusion requires further examination.
Although some differences between selection-based and topography-based
behavior have been demonstrated, other measures of response strength (e.g., latency,
maintenance over time, or susceptibility to changes in contingencies) have not been
analyzed. Along with measures of accurate class consistent performances, measures of
response strength, including reaction time, might provide additional information about the
relations among stimuli in a class (Spencer & Chase, 1996). The use of response latency
or speeds (1/latency) have been found to be sensitive measures of differences among
untrained relations that emerge during tests of stimulus equivalence (Bentall, Dickens, &
Fox, 1993; Spencer & Chase, 1996; Wulfert & Hayes, 1988). Even when performance
across trial types (e.g., symmetry and transitivity) is accurate, differences in response
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latency or speed across the trial types have been found. Similar measures of response
strength might reveal additional information to support a distinction between topographybased and selection-based behavior.
Assessments of stimulus-class stability, defined either as maintenance of
performance over time or susceptibility to changes in defining contingencies, provide other
sources of information about the relations within stimulus classes. Previous reports have
suggested that equivalence classes are rather stable over time (e.g., Spradlin, Saunders, &
Saunders, 1992), and that accurate performances can be maintained even after several
months without intervening practice. Stability of equivalence classes also can be assessed
by changing or reversing the prerequisite relations that defined the classes (Pilgrim &
Galizio, 1990, 1995; Pilgrim, Chambers, & Galizio, 1995; Saunders, Saunders, Kirby, and
Spradlin, 1988; Spradlin, et al. 1992). The effects of reversal contingencies have been
found to be different across baseline, symmetry, and transitivity trial types. For example,
Pilgrim and Galizio (1995) demonstrated that transitivity, but not baseline or symmetry,
trial types were resistant to reversal contingencies. That is, performance on transitivity
trial types remained consistent with the prerequisite baseline relations established prior to
the reversals. Although previous studies have manipulated reversals with functional
stimulus classes (e.g., Sidman, et al., 1989; Vaughan, 1988), no study has directly
compared the effects of reversals on the stability of stimulus equivalence classes and
functional stimulus classes.
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It remains to be demonstrated whether functional stimulus classes are more or less
stable over time or susceptible to reversal contingencies than equivalence classes. The
distinction between selection-based and topography-based responding, relative to the
stability of stimulus equivalence and functional equivalence, has several practical
implications as well (see also Wraikat et al., 1991). Language training programs, for
example, could take advantage of procedures that lead to rapid acquisition and produce
strong and stable behavioral repertoires.
The Present Study
The purpose of the present study was to further clarify the structural and
functional properties of stimulus equivalence classes and functional stimulus classes
relative to the procedures that establish them. Stimulus equivalence classes were
established using a standard selection-based matching-to-sample (MTS) procedure and
functional stimulus classes were established using a topography-based naming task.
During the naming trials, college students were trained to say distinct nonsense words in
the presence of arbitrarily assigned sets of symbols. Computer-controlled voicerecognition software was used to record and analyze students’ vocal responses for
accuracy and speed. The use of a computer-controlled naming task to establish and
manipulate functional stimulus classes has several advantages over the simple
discrimination procedures used previously with functional stimulus classes (e.g., Dube et
al., 1991; Sidman et al., 1989; Vaughan, 1988). The typical simple discrimination tasks
consisted of a response-topography (e.g., pecking or touching a key) that is the same
across stimulus presentations. The naming task used in the present experiments, however,
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produced distinct vocal responses for each class of stimuli. Thus, the naming task
produced a behavioral product that was consistent with the defining characteristics of
topography-based responding suggested by Michael (1985). Furthermore, the use of an
explicit naming task yielded results that can be extended more appropriately to questions
concerning the role of naming and verbal behavior in the formation of stimulus class (e.g.,
Horne & Lowe, 1996).
Experiment 1 examined whether stimulus equivalence classes and functional
stimulus classes were differentially susceptible to changes in the contingencies that
established them. Some of the prerequisite relations that define the stimulus classes were
reversed for two of three classes, and the resultant untrained relations that emerged were
compared to those of a third control class for which no relations were altered. The effects
of the reversal contingencies on the organization and maintenance of the classes were
assessed. Experiment 2 examined whether topography-based and selection-based
procedures have differential effects on expanding or enlarging stimulus equivalence classes
and functional stimulus classes with novel stimuli.
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Experiment 1
The purpose of Experiment 1 was to compare the impact of reversing the baseline
relations of stimulus equivalence classes (Condition 1) and functional stimulus classes
(Condition 2). A matching-to-sample (MTS) procedure was used in Condition 1 to
establish conditional discriminations consistent with the formation of three 3-member
stimulus equivalence classes. Upon successful demonstrations of the properties of
stimulus equivalence, two of three stimulus equivalence classes were targeted for baseline
reversals while a third stimulus class was unaltered and served as a control. The impact of
the baseline reversals on the pattern and speed of performances was assessed with tests of
all possible relations among the stimuli. A follow-up test was conducted after
approximately 4 to 8 weeks to determine if the passage of time affected the pattern or
speed of performances.
In Condition 2, using the same students, the effects of baseline reversals were
assessed on functional stimulus classes. To establish these classes, students first were
taught to name stimuli of the same class with a nonsense word. This was followed by a
test of functional equivalence to ensure the establishment of three 3-member functional
stimulus classes. As in Condition 1, baseline name relations then were reversed for two
target classes while those of a third control class remained unchanged, and the impact of
the baseline reversals on the pattern and speed of performances was assessed in postreversal and follow-up tests. Of interest was whether baseline reversals would reveal any
differential effects on the pattern or speed of responding with respect to stimulus
equivalence classes and functional stimulus classes.
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Method
Participants
Eight undergraduate college students (7 females and 1 male; ages 18-29) were
recruited to participate through a recruitment bulletin board located in the Psychology
Department at West Virginia University. Students had no experience with similar
experiments. All students were required to sign an informed consent agreement that
described the general procedures of the study and the frequency and duration of daily
experimental sessions (see Appendix A).
Apparatus
Daily experimental sessions were conducted in a 2.2-m by 1.8-m room equipped
with a table, a chair, and the apparatus. The apparatus consisted of a microcomputer
equipped with an 33 MHz 486 processor, 16 MB RAM, an IBM® M-ACPA sound card, a
VGA color monitor, headphones, a VXI® headset microphone, and a keyboard on which
the arrow (cursor) keys were positioned in an inverted-T configuration. The inverted-T
configuration of the keys corresponded to the positions of stimuli displayed on the
computer screen. Experimental events and data collection were controlled by C
programming and Dragon VoiceTools 1.01 voice recognition software. Throughout
experimental sessions students wore headphones for auditory feedback and to help mask
extraneous noises, and a headset microphone.
Stimuli
Stimuli consisted of white symbols measuring approximately 2 cm by 2 cm on a
19-cm by 24-cm computer screen. They were displayed in one of four stimulus locations
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of blue squares (3 cm by 3 cm) on a black field. During MTS trials, described below, the
blue squares were positioned in an inverted-T configuration. Sample stimuli appeared in
the top square, and each of three comparison stimuli appeared in the squares positioned
horizontally below the sample square. During naming trials one stimulus appeared in a
blue box at the center of the screen. Figure 1 illustrates the stimuli used in Experiment 1.
Each stimulus was assigned a number and a letter for descriptive purposes only. Numbers
designated the experimenter-defined stimulus classes and the letters A, B, and C
designated stimulus-class members. On MTS trials letters also designated sets of
comparison stimuli. For example, A1, B1, and C1 were in the same class, and B1, B2 and
B3 served as comparison stimuli on the same trials.
Vocal responses (R) used for naming trials also were assigned numbers that
designated corresponding classes of stimuli. For example, R1 ("GOX") was the response
used to establish the functional stimulus class A1B1C1. Half of the students (S102, S104,
S106, and S107) received the stimuli in the top panel during reversals with stimulus
equivalence classes (Condition 1) and those in the bottom panel during reversals with
functional stimulus classes (Condition 2), whereas the stimulus sets were reversed for
students S101, S103, S105, and S108.
General Procedure
Students were assigned randomly to one of two groups differing only in the order
of conditions presented. For one group (students S101, S104, S105, and S107), the
effects of baseline reversals were assessed first on stimulus equivalence classes (Condition
1) and then on functional stimulus classes (Condition 2); the order was
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Figure 1. Stimuli and corresponding responses used in Experiment 1.
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reversed for the other group (students S102, S103, S106, and S108). Students received
payment contingent on their performance during experimental sessions and their daily
attendance. Payment included a one-dollar bonus for every session attended and 1 cent
for each trial completed correctly. A receipt showing the students’ daily earnings
including the attendance bonus was provided following the conclusion of each training
session. During test sessions when performance feedback was precluded, an earnings
receipt showing only a one dollar bonus for attendance was provided; however, students
were informed that a record of all earnings would be kept by the experimenter, and that all
points and bonuses would be exchanged for money at the conclusion of their participation.
Session duration was 50 min, and as many trial blocks as possible were conducted in a
session. The post-reversal test (described below) always was conducted on a new day to
ensure that the length of time between reversal training and testing was similar across
students. Sessions were conducted 4 to 5 days per week across 2 to 3 weeks; subjects
returned after approximately 4 to 8 weeks for one follow-up session.
Condition 1: Baseline reversals with stimulus equivalence classes
Matching-to-sample (MTS) procedure. Blocks of MTS trials began with the
following instructions displayed on the computer screen:
During the next set of activities, your job will be to select the correct
symbol. Each trial will begin with the presentation of a symbol positioned
inside a blue box at the center of the screen. A press on the up-arrow key
will produce three additional blue boxes in which three different symbols
will appear. If you know the correct response, press the left-, down-, or
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right-arrow key to “select” the left, middle, or right symbol, respectively.
If you don’t know the correct response, wait and the incorrect choices will
disappear leaving only the correct choice on the screen. You can only earn
money, however, if you select the correct symbol before the others
disappear. Press “S” when you are ready to start.
Each trial began with the presentation of a sample stimulus. A press on the up-arrow key,
which corresponded to the position of the sample stimulus, resulted in the presentation of
three comparison stimuli. The response to the sample stimulus (an observing response)
was required to facilitate acquisition of MTS performance (Carlin, Wirth, & Chase, 1998).
Upon presentation of the comparison stimuli, students could press either the left-, down-,
or right-arrow key to select the left, middle, or right comparison stimuli, respectively. A
correct response produced the word “correct” at the bottom of the screen for 1 s along
with a 50-ms 2000-MHz tone. An incorrect response produced the word “incorrect” at
the bottom of the screen for 1 s and a 50-ms 500-MHZ tone. Positions of the comparison
stimuli varied quasi-randomly from trial to trial with the restriction that stimuli could not
appear in the same position on two consecutive trials. After a response to a comparison
stimulus, the screen then was darkened, except for an empty blue sample box, and a 0- to
2-s intertrial interval (ITI) was initiated. To prevent subjects from responding prior to the
presentation of the next sample stimulus, a press on any key during the ITI resulted in a 5s delay to the presentation of the next sample stimulus. The variable and resetting nature
of the ITI, along with a response requirement to the sample stimulus, was designed to
increase the probability that students looked at the sample stimuli (Carlin, Wirth, & Chase,
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1998). Sample stimuli were presented in a quasi-random sequence with the restriction that
stimuli do not appear on more than three consecutive trials. Unless performance feedback
was precluded (e.g., during test phases), students’ earnings and percent correct were
displayed on the screen following the completion of each trial block.
Phase 1: Original baseline training. The original baseline conditional
discriminations AB and BC were taught in three stages (see Phase 1 in Table 1). Initial
trial blocks consisted of the three AB trial types (A1B1, A2B2, A3B3) each presented
eight times per block. Upon reaching the accuracy criterion of 22 of 24 trials correct for
three consecutive trial blocks, BC trial types (e.g., B1C1, B2C2, and B3C3) were
presented until the accuracy criterion was met. In the third stage of training, blocks
consisting of a mix of AB and BC trial types, each presented four times per block, were
presented until the accuracy criterion was met.
A variant of an errorless learning procedure (cf. Touchette, 1971) was used to
minimize errors during training. During initial trial blocks when new conditional
discriminations were introduced, selecting the sample stimulus presented three comparison
stimuli and initiated a 2-s delay. When the 2-s delay elapsed, the two incorrect
comparison stimuli disappeared leaving only the correct comparison stimulus on the
screen. A response selecting the correct (or class consistent) comparison stimulus before
the 2-s delay had elapsed was considered correct, and appropriate feedback was presented
to the student. Selecting the correct comparison stimulus after the 2-s delay had elapsed
was considered correct and appropriate feedback was presented, however, the
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Table 1
Experimental Phases and Composition of Trial Blocks in Experiment 1 Condition 1
____________________________________________________________________________________________
a

Trial Types
_______________________________________
Trials of Each Type/
Phases
Total Per Block
Target Classes
Control Class
____________________________________________________________________________________________
1.

Original Baseline Training
AB

8/24

A1 -> B1,B2,B3
A2 -> B1,B2,B3

A3 -> B1,B2,B3

BC

8/24

B1 -> C1,C2,C3
B2 -> C1,C2,C3

B3 -> C1,C2,C3

AB,BC Mix

4/24

A1 -> B1,B2,B3
A2 -> B1,B2,B3
B1 -> C1,C2,C3
B2 -> C1,C2,C3

A3 -> B1,B2,B3
B3 -> C1,C2,C3

Reflexivity (AA, BB, CC)

4/60

A1 -> A1,A2,A3
A2 -> A1,A2,A3
B1 -> B1,B2,B3
B2 -> B1,B2,B3
C1 -> C1,C2,C3
C2 -> C1,C2,C3

A3 -> A1,A2,A3
B3 -> B1,B2,B3
C3 -> C1,C2,C3

Symmetry (BA,CB)

4/48

B1 -> A1,A2,A3
B2 -> A1,A2,A3
C1 -> B1,B2,B3
C2 -> B1,B2,B3

B3 -> A1,A2,A3
C3 -> B1,B2,B3

Transitivity (AC)

4/36

A1 -> C1,C2,C3
A2 -> C1,C2,C3

A3 -> C1,C2,C3

Equivalence (CA)

4/36

C1 -> A1,A2,A3
C2 -> A1,A2,A3

C3 -> A1,A2,A3

3.

AB Baseline Reversal

8/24

A1 -> B1,B2,B3
A2 -> B1,B2,B3

A3 -> B1,B2,B3

4.

Post-Reversal Test
(and Follow-Up Test)

2.

b

Tests of Stimulus Equivalence

b

B1 -> A1,A2,A3
B3 -> A1,A2,A3
B2 -> A1,A2,A3
C3 -> B1,B2,B3
C1 -> B1,B2,B3
A3 -> C1,C2,C3
C2 -> B1,B2,B3
C3 -> A1,A2,A3
A1 -> C1,C2,C3
A2 -> C1,C2,C3
C1 -> A1,A2,A3
C2 -> A1,A2,A3
___________________________________________________________________________________________
a

4/72

Sample stimuli are represented to the left of the arrows and comparison stimuli to the right.
Reinforced choices are underlined; choices consistent with original training are bolded; choices
consistent with AB reversal training are bolded and italicized. b Equivalence and post-reversal
tests included AB and BC baseline trials interspersed among the test trials.
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additional message “too slow” was presented to the student and no money was earned for
that trial. After performance reached the standard accuracy criterion of at least 22 of 24
trials correct for three consecutive trial blocks, the prompt delay was increased to 5 s and
then eliminated completely when performance once again reached criterion.
Students were required to demonstrate accurate performance on blocks of mixed
trial types with reduced feedback before advancing to Phase 2. For each block of trials in
which feedback was reduced, subjects were informed about the differential feedback prior
to the start of that block with the following additional note:
We now want to see if you can remember what you have learned. During
the next block of trials, you will not always be told if your response is
correct or incorrect. The word “correct” or “incorrect” may not be
displayed, and tones may not sound after every response. You will not be
told how much money you have earned, but the experimenter still will keep
a record of your earnings. Press “S” when you are ready to start.
Accurate performance (i.e., at least 22 of 24 trials correct) was required for at least one
trial block at each of four levels of reduced feedback (i.e., 75, 50, 25, and 0 percent of
trials).
Phase 2: Tests of stimulus equivalence. To determine whether the training of the
baseline conditional discriminations established the prerequisites for the formation of three
3-member stimulus equivalence classes (i.e., A1B1C1, A2B2C2, and A3B3C3), blocks of
trials that tested for the properties of stimulus equivalence were introduced next. These
test blocks included trials that tested for either reflexivity, symmetry, transitivity, or
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equivalence (i.e., combined transitivity and symmetry) interspersed among the original six
original baseline conditional discriminations each presented four times (see Phase 2 in
Table 1). Reflexivity was tested first, followed by tests for symmetry, transitivity, and
equivalence. Reflexivity tests included four presentations of each of three AA, BB, and
CC trial types (e.g., A1A1, A2A2, A3A3, etc.) and each of 24 original baseline trials for a
total of 60 trials. Symmetry tests included four presentations of each of three BA and CA
trial types (e.g., B1A1, B2A2, B3A3, C1B1, C2B2, and C3B3) and the original baseline
trials for a total of 48 trials. Transitivity and equivalence tests consisted of four
presentations of each of three AC or CA trial types (e.g., A1C1, A2C2, A3C3, C1A1,
C2A2, or C3A3), and the original baseline trials for 36 total trials. Each test condition
was in effect until the percentage of correct (or class consistent) trials was equal to or
greater than 90 percent or until the accuracy of performance across probe trials was stable
by visual inspection across a minimum of 3 blocks. All test blocks were conducted in the
absence of performance feedback.
Phase 3: AB reversal training. Following the establishment and demonstration of
three 3-member stimulus equivalence classes, the original AB baseline conditional
discriminations of the two target classes (e.g., A1B1 and A2B2) were reversed (see Phase
3 in Table 1). In this phase, when A1 and A2 were presented as sample stimuli, the
correct comparison stimuli were B2 and B1, respectively, yielding the reversed relations
A1B2 and A2B1. The original AB baseline conditional discrimination of the third control
class (A3B3) remained unchanged. Trial blocks during the reversal phase consisted of all
three AB trial types (A1B2, A2B1, and A3B3) each presented eight times per block for a
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total of 24 trials. As in original training phases, the graded delayed-prompt procedure was
used to minimize errors during reversal training. Reversal training continued until the
standard accuracy criterion was met. Thereafter, the proportion of trials with feedback
was reduced across trial blocks to 75, 50, 25, and 0 percent with the requirement that
accurate performance be demonstrated for at least one block at each level of feedback.
Phase 4: Post-reversal test. Test blocks were re-introduced following reversal
training to assess responding across all possible trained and untrained trial types, including
baseline conditional discriminations (see Phase 4 in Table 1). That is, each test block
consisted of 6 symmetry trial types (BA and CA), 3 transitivity trial types (e.g., AC), 3
equivalence trial types (CA), and 6 baseline trial types (AB and BC). Trial blocks that
tested for symmetry consisted of BA and CB probes and AB and BC baseline trials. Each
trial type was presented four times for a total of 72 trials per block. As in prior tests for
stimulus equivalence, however, no feedback was provided during or after trial blocks in
this phase. Test blocks were repeated until performance was stable across a minimum of 3
trial blocks.
Condition 2: Baseline reversals with functional stimulus classes
Voice-recognition training. The voice-recognition software used in the present
experiments includes an extensive library of speech for more than 10,000 words, however,
the software is incapable of recognizing nonsense words without additional “training.”
This training occurred in two stages. First, a sampling of each nonsense word was
recorded and saved as a digitized pattern of the utterance. Students were prompted to say
out loud each of the three nonsense words (e.g., “GOX”, “TIF”, and “JAS”) 5 times in
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succession. The recorded utterances were digitized and the speech pattern adapted to an
individualized "speech model" for that word. At this point in the training, recognition of
the nonsense words would be fairly accurate, however, a second training phase was
conducted to ensure even greater accuracy. In this second training phase students were
prompted to say each nonsense word one at a time in random order. Each utterance was
recorded, digitized, and then compared to the speech models created previously. This
comparison yielded software-generated “confidence” values (1-100) that indicate the
degree to which each utterance matched one or more of the speech models for that
student. Utterances meeting a minimum confidence criterion of 40 (a value recommended
by the software developers) were adapted to existing speech models. Utterances for
which the recognition confidence was below criterion were rejected. Training continued
until confidence values met or exceeded a value of 90 at least 5 times for each nonsense
word. The second training phase ensured an adequate sampling of each nonsense word
and, as a result, a very high degree of voice-recognition accuracy. Our informal
evaluations of recognition accuracy yielded no errors across the range of utterances
differing in pitch, amplitude, and duration. Periodic checks of voice-recognition accuracy
during experimental sessions revealed that high accuracy was maintained even after several
weeks.
Naming procedure. Blocks of naming trials began with the following instructions
displayed on the computer screen:

During the next set of activities, your job will be to correctly name the symbols.
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Each trial will begin with the presentation of a symbol positioned inside a blue box
at the center of the screen. If you know the correct name, say it out loud. If you
don’t know the correct name, wait and the correct name will appear on the screen
-- say it then. You can only earn money, however, if you make a correct response
before it is displayed on the screen. Press “S” when you are ready to start.
Each naming trial began with the presentation of a sample stimulus. If no vocal response
occurred within 20 s, students were prompted to make the correct response with the
following message: “Please say the correct name.” Each response was followed by the
same feedback as in MTS trials described above. To further maintain procedural
similarities between the MTS and naming trials, responses that were not among the set of
experimenter-defined responses were not considered either correct or incorrect. Instead,
those responses were considered analogous to “off-key” presses possible during MTS
trials. Following such responses, students were prompted to make another response with
the following message displayed on the screen: “Not recognized -- try again.” A response
was designated “off-key” when recognition confidence did not meet a minimum criterion
of 40. As in MTS trials, a vocal response during the ITI resulted in a 5-s delay to the
presentation of the next sample stimulus. Key presses during naming trials had no
programmed consequences. Stimuli were presented in a quasi-random sequence with the
similar restriction that no stimulus appeared on more than three consecutive trials.
Students’ earnings and percent correct were displayed on the screen following the
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completion of each trial block, unless performance feedback was precluded.
Phase 1: Original baseline training. As in MTS training, an errorless discrimination
procedure was used to minimize the frequency of errors during initial training of new
name relations. A similar graded delayed-prompt procedure was used in which the delay
between the presentation of a stimulus and the display of a written prompt for the correct
(class consistent) response (e.g., “Say JAS”) was gradually increased from 2 to 5 s and
then eliminated completely. Initial trial blocks began with a 2-s delay between the onset of
a stimulus and the presentation of the response prompt positioned approximately 2 cm
below the stimulus. When performance reached criterion (i.e., 22 of 24 trials correct for
three consecutive trial blocks), the delay between the presentation of a stimulus and the
correct response was be increased to 5 s until performance again reached criterion.
Thereafter, a demonstration of accurate performance was required in the absence of
response prompts.
Using the graded delayed-prompt procedure, original baseline name relations were
taught in four stages (see Phase 1 in Table 2). Initial trial blocks consisted of the three AR
trial types (e.g., A1R1, A2R2, and A3R3) each presented eight times per block. Upon
reaching the accuracy criterion of 22 of 24 trials correct for three consecutive trial blocks,
the training of BR trial types (e.g., B1R1, B2R2, and B3R3) and then CR trial types (e.g.,
C1R1, C2R2, and C3R3) proceeded in the same manner. In the fourth stage of training, a
mix of AR, BR, and CR trial types were presented four times in each block and until the
standard accuracy criterion was met. As in MTS training phases, students were required
to demonstrate accurate performance (i.e., 22 of 24 trials correct) for at
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Table 2
Experimental Phases and Composition of Trial Blocks in Experiment 1 Condition 2
____________________________________________________________________________________________
a

Trial Types
_______________________________________
Trials of Each Type/
Phases
Total Per Block
Target Classes
Control Class
____________________________________________________________________________________________
1. Original Baseline Training
AR

8/24

A1 -> R1,R2,R3
A2 -> R1,R2,R3

A3 -> R1,R2,R3

BR

8/24

B1 -> R1,R2,R3
B2 -> R1,R2,R3

B3 -> R1,R2,R3

CR

8/24

C1 -> R1,R2,R3
C2 -> R1,R2,R3

C3 -> R1,R2,R3

AR,BR,CR Mix

4/36

A1 -> R1,R2,R3
A2 -> R1,R2,R3
B1 -> R1,R2,R3
B2 -> R1,R2,R3
C1 -> R1,R2,R3
C2 -> R1,R2,R3

A3 -> R1,R2,R3
B3 -> R1,R2,R3
C3 -> R1,R2,R3

8/24

A1 -> R4,R5,R6
A2 -> R4,R5,R6

A3 -> R4,R5,R6

Transfer Test

4/36

A1 -> R4,R5,R6
A2 -> R4,R5,R6
B1 -> R4,R5,R6
B2 -> R4,R5,R6
C1 -> R4,R5,R6
C2 -> R4,R5,R6

A3 -> R4,R5,R6
B3 -> R4,R5,R6
C3 -> R4,R5,R6

3.

Baseline Re-Training

4/36

4.

AR Reversal Training

8/24

5.

Post-Reversal Test
(and Follow-Up Test)

2.

Test of Functional Equivalence
Function Change
b

c

(same as AR,BR,CR Mix above)
A1 -> R1,R2,R3
A2 -> R1,R2,R3

A3 -> R1,R2,R3

A1 -> R1,R2,R3
A3 -> R1,R2,R3
A2 -> R1,R2,R3
B3 -> R1,R2,R3
B1 -> R1,R2,R3
C3 -> R1,R2,R3
B2 -> R1,R2,R3
C1 -> R1,R2,R3
C2 -> R1,R2,R3
____________________________________________________________________________________________
a

4/36

Stimuli are represented to the left of the arrow and accepted responses to the right; reinforced
responses are underlined. b Responses consistent with
a transfer of function are bolded;
previously trained responses also were accepted. c Responses consistent with AR reversal training
are bolded and italicized; previously trained responses also were accepted.
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least one trial block at each of four levels of reduced feedback (e.g., 75, 50, 25, and 0
percent of trials).
Phase 2: Test of functional equivalence. To demonstrate the establishment of
functional equivalence among the class members, interchangeability of stimulus functions
was demonstrated (Goldiamond, 1962, 1966). This was accomplished by training a new
response to one member of each class and then testing the remaining class members for a
corresponding change in responding (i.e., transfer of function).
Following the establishment of original baseline name relations in Phase 1, new
responses R4, R5, and R6 (“YIZ,” “VAM,” and “KEL”) were introduced to the students’
vocabulary. Students’ speech models were adapted with new responses by repeating the
voice-recognition training procedure with R4, R5, and R6 added to R1-3. Following
voice-recognition training, students’ speech models now consisted of responses R1
through R6, and any of these responses were acceptable responses on subsequent naming
trials.
Following voice-recognition training, the new responses R4, R5, and R6 were
reinforced in the presence of stimuli A1, A2, and A3, respectively, using the graded
delayed-prompt procedure. Trial types (e.g., A1R4, A2R5, and A3R6) were presented
eight times each for a total of 24 trials per block. Upon reaching the accuracy criterion of
22 of 24 trials correct for each of four levels of reduced feedback (e.g., 75, 50, 25, and 0
percent of trials), test trials consisting of the A stimuli and each of six B and C stimuli
(e.g., B1, B2, B3, C1, C2, and C3) were presented to test for transfer of function. Each
stimulus was presented four times per block for a total of 36 trials. Test blocks were
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conducted in the absence of performance feedback, and they were repeated until accuracy
was equal to or greater than 90 percent or until accuracy across blocks was stable on
visual inspection across a minimum of 3 trial blocks.
If transfer of function was not demonstrated, this procedure was repeated. Three
new responses R7, R8, and R9 (“DAK,” “KOH,” and “MIV”) were reinforced in the
presence of A stimuli in the same manner described above. When performance met the
accuracy criterion, test blocks that consisted of all A, B, and C stimuli were presented
again to test for transfer of function. If this second test failed to show transfer of function,
instructions describing the concept of functional equivalence were provided. Although the
effect of instructions on demonstrations of functional equivalence was not a focus of the
present experiments, their use served only to ensure that classes of functionally equivalent
stimuli were established prior to the introduction of the reversal contingencies. The
instructions appear verbatim in Appendix B.
Phase 3: Baseline re-training. Following testing and a successful demonstration of
functional equivalence, students received additional training on the original baseline AR,
BR, and CR naming trials with R1, R2, and R3 as corresponding responses. The purpose
of this phase was to ensure maintenance of accurate performance on the original baseline
name relations following the change in function change and transfer tests that were
conducted during the previous test for functional equivalence. These trial blocks were
repeated until the standard accuracy criterion was met for minimum of three successive
trial blocks.
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Phase 4: AR reversal training. Following the establishment of three 3-member
functional stimulus classes, the correct vocal responses corresponding to stimuli A1 and
A2 were reversed for the two target classes yielding the relations A1R2 and A2R1 (see
Phase 4 in Table 2). That is, R2 was the correct response when the stimulus A1 was
presented and R1 was the correct response when A2 was presented. Because the
functional stimulus class of A3, B3, and C3 served as the control, the relation A3R3
remained unchanged. In this phase, each stimulus (A1, A2, and A3) was presented four
times per block for a total of 36 trials. As in initial training phases, the graded delayedprompt procedure was be used to minimize errors during reversal training. Reversal
training continued until the standard accuracy criterion was met. Thereafter, the
proportion of trials with feedback was reduced across trial blocks to 75, 50, 25, and 0
percent with the criterion that accurate performance was demonstrated for at least one
block at each level of feedback.
Phase 5: Post-reversal test. Blocks that presented all A, B, and C stimuli were
introduced next to assess the effects of reversing the original baseline name relations (see
Phase 5 in Table 2). Each stimulus was presented in a quasi-random sequence four times
per block for a total of 36 trials. Trial blocks were conducted in the absence of feedback
and prompts for correct responses until stable performance is exhibited across a minimum
of 3 trial blocks.
Follow-Up Tests
Students returned after approximately 4 to 8 weeks from the date of their last
session of the experiment proper to assess whether the passage of time would affect the
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pattern of responding with respect to reversed stimulus classes. During a single follow-up
session, the same tests presented in the post-reversal test phases of both conditions were
repeated. All test blocks during the follow-up session were conducted in the absence of
performance feedback. The order in which MTS and naming tests were presented was
consistent with that presented to the student previously. In other words, a student for
whom reversal effects were assessed with equivalence classes first and functional classes
second was presented with the MTS tests first and the naming tests second.
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Results
Baseline Reversals with Stimulus Equivalence Classes
Baseline training, test of stimulus equivalence, and reversal training. Table 3
shows the number trial blocks required by each student to reach criterion in all phases of
Condition 1 (stimulus equivalence classes). All students acquired the AB and BC baseline
conditional discriminations, requiring similar amounts of training during the original
baseline-training phase. As shown in Table 3, performance met criterion after 9 to 14
blocks with each baseline trial type and 7 to 10 mixed blocks.
On tests of reflexivity, symmetry, transitivity, and equivalence most students
required only one trial block to demonstrate criterion performance. Two students (S104
and S108), however, required several presentations of some test blocks before criterion
performance was demonstrated. Eventually, all students successfully demonstrated the
formation of three 3-member stimulus equivalence classes (i.e., A1B1C1, A2B2C2, and
A3B3C3) prior to AB reversal training.
All students successfully reversed their responding on the AB trials corresponding
to the first two stimulus equivalence classes targeted for reversal. Thus, students now
selected B2 in the presence of A1 and B1 in the presence of A2. As expected, responding
remained unaltered on the third AB trial type (A3B3). All students met the accuracy
criterion within a similar number of trial blocks (13 to 14). As further described below,
the AB reversal training phase was repeated for three students (S102, S103, and S106)
following the post-reversal test.
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Table 3
Number of Trial Blocks in Each Phase of Experiment 1 Condition 1
______________________________________________________________________________
Students
________________________________________________
Phases
S101 S102 S103 S104 S105 S106 S107 S108
______________________________________________________________________________
Original Baseline Training
AB

14

10

10

12

11

10

12

11

BC

9

10

9

11

9

11

11

10

AB,BC Mix

7

7

8

10

7

8

7

7

Reflexivity

1

1

2

8

1

1

1

1

Symmetry

1

1

1

2

1

1

1

1

Transitivity

1

1

1

5

1

1

1

6

Equivalence

1

1

1

1

1

1

1

2

3. AB Reversal Training
(first/second exposure)

14

14/2a 14/2 a

13

13

14/1 a

14

14

4. Post-Reversal Test
(first/second exposure)

3

3/3 a

4

3

4/2 a

3

3

2. Test of Stimulus Equivalence

3/3 a

5. Follow-Up Test
3
3
3
3
3
3
3
3
(Days since Post-Reversal Test) (45) (31) (29) (37) (42) (67) (64) (31)
_____________________________________________________________________________
a

Because responding on AB trials during the first Post-Reversal Tests did not reverse for these
subjects, the series of AB Reversal Training and Post-Reversal Test was repeated; see text for
details.
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Post-reversal test. Blocks of trials that tested for all possible stimulus relations
were presented during the post-reversal test to assess the effects of AB baseline reversals
on the organization of stimulus equivalence classes. As shown in Table 3 students
required 3 to 4 trial blocks to demonstrate stable patterns of responding on the postreversal test. Contrary to expectation 3 students (S102, S103, and S106) did not respond
on the AB baseline trials during test blocks consistent with the reversal training. That is,
these students continued to select B1 in presence of A1 and B2 in the presence of A2
according to the original baseline training, despite successfully reversing these relations in
the previous AB reversal training. The patterns of these students’ responding across all
other stimulus relations, including symmetry, transitivity, and equivalence, remained
consistent with the original class structures. Thus, the series of AB reversal training and
post-reversal test was repeated for these students. The number of these additional trial
blocks required by S102, S103, and S106 are shown in Table 3. Performance measures
for S101, S104, S105, S107, and S108 were aggregated across all of trials blocks
presented during the post-reversal tests. For S102, S103, and S106, these measures were
aggregated across trial blocks of the second post-reversal test only.
Figure 2 shows the pattern of students’ MTS performance on each trial type after
AB reversal training. For the trial types shown, the proportion of total responses
consistent with either original baseline training or AB reversal training is depicted by the
direction of the bars. Bars directed upward depict a pattern consistent with the original
baseline training; bars directed downward depict a pattern consistent with AB reversal
training. Trial types that were presented during the post-reversal test included the
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Figure 2. Experiment 1 Condition 1: Proportion of subjects’ responses on each trial type
consistent with the original baseline training (ORIG) or AB reversal training (REV)
aggregated across trial types of the post-reversal test. For each subject response patterns
are shown for the trial types of the two stimulus equivalence classes targeted for AB
reversal (TARGET) and the third control class for which the AB baseline trials were not
reversed (CONTROL). Filled bars depict trial types expected to reverse; empty bars
depict trial types expected to remain consistent with original training.
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baseline trials (AB and BC), symmetry (BA and CB), transitivity (AC), and equivalence
(CA), and these are shown for the two stimulus equivalence classes targeted for AB
reversals (left panels for each student), and the third control class for which the AB
baseline trials were not reversed (right panels). Filled bars depict responding expected to
reverse, and empty bars depict responding expected to remain consistent with the original
baseline training. (Note: Downward-directed bars for the control class depict no
particular pattern of responding -- only one that is not consistent with original training).
As shown in the right panels of Figure 2, the pattern of students’ responding
across all trial types of the third control class remained almost exclusively consistent with
the original baseline training. This result was expected as the AB baseline trial of the third
class was not altered. Only student S106 showed decrements in performance. On trials of
the two stimulus classes targeted for AB reversals, all students except S103 reversed their
responding on AB baseline trials, as expected, and on the corresponding BA symmetry
trials (i.e., B1A2 and B2A1). Because the original BC baseline trials were not altered,
responding on those trials and corresponding CB symmetry trials remained consistent with
original training, as expected and shown by most students. Only student S106 responded
inconsistently on BC and CB trial types. Of particular interest, however, was performance
on AC transitivity and CA equivalence trials. In general, the pattern of responding on AC
and CA trial types was consistent with the AB reversal training. This pattern was clear for
students S101, S102, S104, S105, S108, and to a lesser extent (approximately 30 to 50%
of trials) for students S106 and S107. Despite S103's second exposure to the series of AB
reversal training and testing, her responding remained consistent with original baseline
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training across all trial types. In general, the results shown in Figure 2 demonstrate that,
for most students, a complete reorganization occurred with two of the three stimulus
classes (A2B1C1 and A1B2B2). Thus, the AB reversal training resulted in the switching
of class memberships for stimuli A1 and A2.
In keeping with previous studies that reported reaction-time measures with MTS
performance (e.g., Spencer & Chase, 1996), an analysis of students’ response speeds was
performed. The speed of responding on each trial type was calculated by taking the
inverse of the latency to respond (measured in s from the presentation of the sample to the
selection of a comparison) and then multiplying the dividend by 60 s/min. Thus, higher
speeds (in units of responses per min) represent faster responding. Because frequency
distributions based on the transformation of latency to speed tend to be normalized
(Baron, 1985), the mean and standard deviations were used in the present study to
adequately represent the central tendency and variation of speed performance. Response
speeds for each MTS trial type were aggregated across all trial blocks of the post-reversal
test.
Figure 3 shows mean response speeds on each trial type of the post-reversal test
for responding that was consistent with the original training or reversal training. Thus,
speeds to do not represent “correct” or “incorrect” responses, but rather students’
reaction times on each trial type. For all students except S108, speeds were almost always
higher on trial types of the control class (right panels) compared to those of the two
classes targeted for AB reversals (left panels). Even response speeds of student S103,
who responded consistent with the original baseline training across all trial types (see
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Figure 3. Experiment 1 Condition 1: Mean response speeds on MTS trial types
aggregated across trial blocks of the post-reversal test. Error bars depict one standard
deviation. For each subject response patterns are shown for the trial types of the two
stimulus equivalence classes targeted for AB reversal (TARGET) and the third control
class for which the AB baseline trials were not reversed (CONTROL). Filled bars depict
trial types expected to reverse; empty bars depict trial types expected to remain consistent
with original training. Broken horizontal lines depict the overall mean response speed for
each subject.
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2), were higher trials of the control class than on trials of the target classes. Across trial
types, however, less systematic variations in response speeds were revealed compared to
accuracy measures. Because speeds were highly variable for each subject across trial
types, as indicated by large standard deviations depicted in Figure 3, the only systematic
difference in speed was between the AB baseline trials and the AC transitivity or CA
equivalence trials. For all students, for example, response speeds on AB baseline trials of
the target classes were higher than speeds on AC or CA trials. For 6 of 8 students, speed
differences also were revealed between the same trials of the control class.
Baseline Reversals with Functional Stimulus Classes
Baseline training, test of functional equivalence, and reversal training. Table 4
shows the number trial blocks required by each student to reach criterion in all phases of
Condition 2 (functional stimulus classes). Compared to students’ baseline MTS
performances, students acquired the original AR, BR, and CR baseline name-relations
with similar amounts of training. Performance met criterion after 9 to 13 blocks with each
trial type and 7 to 8 mixed blocks, similar to the number of trial blocks required for each
baseline MTS trial type in Condition 1.
As the subsequent test for functional equivalence revealed, the original baseline
training was not sufficient to produce functional stimulus classes. Seven of eight students
failed to show a transfer of function across each set of stimuli after responding to the A
stimuli was altered. Only student S108 demonstrated transfer of responding to stimuli B1,
B2, B3, and C1, C2, C3 when the new responses R4, R5, and R6 were trained to stimuli
A1, A2, and A3, respectively. Other students required either an additional

41
Table 4
Number of Trial Blocks in Each Phase of Experiment 1 Condition 2
____________________________________________________________________________________________

Students
________________________________________________
Phases
S101 S102 S103 S104 S105 S106 S107 S108
______________________________________________________________________________
1. Original Baseline Training
AR

11

9

10

10

10

10

9

13

BR

10

9

9

9

10

10

10

10

CR

10

9

10

10

10

9

10

10

AR,BR,CR Mix

7

7

7

7

7

7

7

8

14

14

14

14

14

15

14

14

3
(No)

3
(No)

3
(No)

1
(No)

1
(No)

3
(No)

13

14

14

15

14

13

2. Test of Functional Equivalence
Function change I
Transfer Test I
(Criterion met?)
Function Change II
Transfer Test II
(Criterion met?)

2
3
(No) (Yes)
14

3
1
2
2
1
2
3
(Noa) (Yes) (Yes) (Yes) (Yes) (Yes) (Noa)

-

3. Baseline Re-Training

3

3

3

3

3

7

4

4

4. AR Reversal Training

15

13

14

14

15

18

14

14

5. Post-Reversal Test

3

3

3

3

3

4

3

3

6. Follow-Up Test
3
3
3
3
3
3
3
3
(Days since Post-Reversal Test) (35) (35) (36) (31) (32) (70) (56) (33)
______________________________________________________________________________
a

Instructions were provided at this point; see text for details.
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function change followed by a transfer test and/or instructions. For these students,
responding to the A stimuli was altered a second time. That is, the new responses R7, R8,
and R9 were trained to A1, A2, and A3, respectively, and then transfer of this new
responding to B and C stimuli was tested again. This time five of seven students
demonstrated the transfer of function during the second transfer test. Two subjects (S101
and S107) continued to show no transfer of function and, therefore, were provided with
instructions prior to advancing to the reversal phase. The instructions, which appear
verbatim in Appendix B, described the concept of functional equivalence.
Because the tests for functional equivalence changed the responses to the stimuli, a
baseline re-training phase was conducted in which students were re-trained to respond to
the stimuli with the original responses R1, R2, and R3. Performance met criterion after 3
to 7 trial blocks.
In the AR reversal training phase, responding on the AR trials of two of the three
functional stimulus classes were reversed such that students now responded to stimuli A1
and A2 with the responses R2 and R1, respectively. Responding on the third AR trial type
(A3R3) was not altered. Students required between 13 and 18 trial blocks to meet the
accuracy criterion prior to advancing to the post-reversal test.
Post-reversal test. In Condition 2 the influence of the AR baseline reversals on the
organization of the functional stimulus classes was assessed on students’ responses to
presentations of all stimuli during the post-reversal test. As shown in Table 4 students
required 3 to 4 trial blocks to demonstrate consistent patterns of responding on the postreversal test. As in Condition 1, performance measures resulting from the post-reversal
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test for each student were aggregated across these trial blocks.
Figure 4 shows the pattern of naming performance on each naming trial type of the
post-reversal test. As in previous figures, the proportion of total responses consistent
with either original baseline training or AR reversal training is depicted by the direction of
the bars. Trial types are shown for the two functional stimulus classes targeted for AR
reversals and the third control class for which the AR baseline trials were not reversed.
Filled bars depict responding expected to reverse, and empty bars depict responding
expected to remain consistent with the original baseline training.
As Figure 4 shows, the patterns of all students’ responding across trial types of the
control class (right panels) remained exclusively consistent with the original baseline
training. Conversely, the patterns of responding across AR, BR, and CR trials of the two
stimulus classes targeted for reversals were consistent in general with the reversal training.
That is, stimuli A1, B1, and C1 now occasioned the response R2 and stimuli A2, B2, and
C2 occasioned the response R1. Responding of S107 showed only partial reversal on CR
trials, and that of S108 showed complete reversal on only AR trials.
Figure 5 shows the mean response speeds across each naming trial type of the
post-reversal test. Compared to speeds on MTS trials in Condition 1, similar differences
were revealed in response speeds between naming trial types of the target and control
classes for some students (S101, S103, S104, and S105). For those students responses to
stimuli of the control class appear to be slightly faster than to stimuli of the target classes,
but those differences were smaller and less reliable than those found on MTS trials in
Condition 1. No differences, however, were found in speeds across AR, BR, and CR
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Figure 4. Experiment 1 Condition 2: Proportion of subjects’ responses on each trial type
consistent with the original baseline training (ORIG) or AR reversal training (REV)
aggregated across trial types of the post-reversal test. For each subject response patterns
are shown for the trial types of the two functional stimulus classes targeted for AR
reversal (TARGET) and the third control class for which the AR baseline trials were not
reversed (CONTROL). Filled bars depict trial types expected to reverse; empty bars
depict trial types expected to remain consistent with original training.
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Figure 5. Experiment 1 Condition 2: Mean response speeds on naming trial types
aggregated across trial blocks of the post-reversal test. Error bars depict one standard
deviation. For each subject response patterns are shown for the trial types of the two
functional stimulus classes targeted for AR reversal (TARGET) and the third control
class for which the AR baseline trials were not reversed (CONTROL). Filled bars depict
trial types expected to reverse; empty bars depict trial types expected to remain consistent
with original training. Broken horizontal lines depict the overall mean response speed for
each subject.
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trial types. In addition, standard deviations revealed less variability in speeds on each
naming trial type compared to the variability of speeds on MTS trial types shown in
Condition 1 (Figure 3).
Follow-Up Tests
Follow-up tests were conducted to reveal any differential effects of the reversal
training on responding with respect to stimulus equivalence classes and functional stimulus
classes that might be revealed only by the passage of time. As shown in Tables 3 and 4,
follow-up tests with the stimulus equivalence classes and functional stimulus classes were
conducted 29 to 45 days following the post-reversal test for most students. S106 and
S107 returned 70 and 56 days, respectively, after the post-reversal test.
Stimulus equivalence classes. Figure 6 shows the patterns of responding on trial
types of the previously established stimulus equivalence classes during the follow-up test.
A comparison of the patterns of responding between the post-reversal follow-up tests
(Figures 2 and 6) shows that, for 5 of 8 students, responding on MTS trials of the target
classes changed from a pattern previously consistent with the AB reversal training to one
consistent with the original baseline training. For these students accuracy (or the
proportion of trials consistent with the original training) was remarkably high given that no
training or testing occurred between post-reversal and follow-up tests. Three students
(S106, S107, and S108), however, showed marked disruption in responding across target
and control classes. For these subjects responding was not consistent with either original
baseline training or AB reversal training, even for trials of the control class for which
baseline trials were not explicitly altered. For two of these subjects (S106 and S107),
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Figure 6. Experiment 1 Condition 1: Proportion of subjects’ responses on each trial type
consistent with the original baseline training (ORIG) or AB reversal training (REV)
aggregated across trial types of the follow-up test. For each subject response patterns are
shown for the trial types of the two stimulus equivalence classes targeted for AB reversal
(TARGET) and the third control class for which the AB baseline trials were not reversed
(CONTROL). Filled bars depict trial types expected to reverse; empty bars depict trial
types expected to remain consistent with original training.
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however, the follow-up test occurred approximately 2 months after the previous postreversal test, compared to only 1 month for most other students. The longer period of no
practice or testing might account for the disruption in performances of these 2 students.
Figure 7 shows the mean response speeds on each trial type of the follow-up test.
As Figure 7 shows, no appreciable differences in pattern or magnitude of speeds were
found across trial types. Some small differences were revealed (e.g., between speeds on
some trials of the target classes for S103 or S106), however, those differences were not
consistent with other students. A comparison of the post-reversal and follow-up tests
(Figures 3 and 7) revealed no obvious change in overall patterns of speeds across trial
types. Furthermore, the overall mean speeds between the post-reversal and follow-up test
changed little if at all. As shown by the broken horizontal lines in Figures 3 and 7, overall
mean speeds for some students (S102, S103, S107, and S107) increased somewhat, while
those of other students (S104 and S108) decreased somewhat. The response speeds of
some students (S101, S103, and S104) remained faster on trials of the control class than
those of the target classes, but these differences were small and must be viewed with
caution given the high variability of speeds found within and across trial types. In general,
the differences in speed between trial types of the target and control classes and across
specific trial types found in the earlier post-reversal test were no longer evident in the
follow-up test.
Functional stimulus classes. Figure 8 shows the patterns of responding on trial
types of the previously established functional stimulus classes during the follow-up test.
For all students the pattern across trials of the target and control classes was consistent
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Figure 7. Experiment 1 Condition 1: Mean response speeds on MTS trial types
aggregated across trial blocks of the follow-up test. Error bars depict one standard
deviation. For each subject response patterns are shown for the trial types of the two
stimulus equivalence classes targeted for AB reversal (TARGET) and the third control
class for which the AB baseline trials were not reversed (CONTROL). Filled bars depict
trial types expected to reverse; empty bars depict trial types expected to remain consistent
with original training. Broken horizontal lines depict the overall mean response speed for
each subject.
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Figure 8. Experiment 1 Condition 2: Proportion of subjects’ responses on each trial type
consistent with the original baseline training (ORIG) or AR reversal training (REV)
aggregated across trial types of the follow-up test. For each subject response patterns are
shown for the trial types of the two functional stimulus classes targeted for AR reversal
(TARGET) and the third control class for which the AR baseline trials were not reversed
(CONTROL). Filled bars depict trial types expected to reverse; empty bars depict trial
types expected to remain consistent with original training.
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with the original baseline training. A comparison between the post-reversal and follow-up
test (Figures 4 and 8) reveals a similar change in the pattern of responding on trials of the
target classes. As with stimulus equivalence classes, responding with respect to the
functional stimulus classes returned to a general pattern consistent with the original
baseline training. Three students (S102, S104, and S108), however, showed an
appreciable decrement in performance on trials of the control class.
Figure 9 shows the mean response speeds across trial types of the follow-up test.
No systematic difference, if any, is revealed between speeds on trials of the target and
control classes. Also, a comparison of speeds between the post-reversal and follow-up
tests (Figures 5 and 9) revealed no obvious change in the pattern or magnitude of speeds
across trial types.
Stimulus Sets and Order of Conditions
Although no differential effect of stimulus set or order of conditions on
performance was expected, counter-balancing sets and order of conditions across students
allowed an assessment of their possible influence. An analysis of the results by stimulus
set and order of conditions, however, revealed no obvious effects or systematic influences
on students’ performances on either the post-reversal or follow-up tests. A small effect of
order of conditions was found during the AB baseline training phase of Condition 1
(stimulus equivalence classes). Specifically, students for whom the effect of reversals was
assessed on stimulus equivalence classes first and functional stimulus classes second
(S101, S104, S105, and S107) required on average two more trial blocks to reach
criterion than subjects for whom the order of conditions was reversed. Although
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Figure 9. Experiment 1 Condition 2: Mean response speeds on naming trial types
aggregated across trial blocks of the follow-up test. Error bars depict one standard
deviation. For each subject response patterns are shown for the trial types of the two
functional stimulus classes targeted for AR reversal (TARGET) and the third control
class for which the AR baseline trials were not reversed (CONTROL). Filled bars depict
trial types expected to reverse; empty bars depict trial types expected to remain consistent
with original training. Broken horizontal lines depict the overall mean response speed for
each subject.
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statistically significant (p = .02), this effect was found only with performances in the AB
baseline training phase.
Discussion
The purpose of Experiment 1 was to compare the sensitivity of stimulus
equivalence classes and functional stimulus classes to reversals of selected baseline
contingencies. Effects of reversals were assessed on patterns and speed of MTS and
naming performances immediately after reversal training and in a follow-up session after
several weeks of no additional practice or testing. It is important to note that because
different procedures and modes of responding were involved in establishing and then
altering stimulus equivalence classes and functional stimulus classes, absolute differences
in response measures are not only likely but also expected. Thus, direct comparisons of
quantitative measures such as accuracy and reaction time (i.e., speed) must be considered
with caution. Instead, within-subject assessments of the effects of baseline reversals on
stimulus equivalence classes and functional stimulus classes were conducted to strengthen
the validity of comparisons between MTS and naming performances. A focus of the
present experiment, therefore, was to examine the relative changes in the pattern and
speed of MTS and naming performances.
Acquisition of MTS and Naming Performances
Contrary to previous research that found some differences in the ease of
acquisition between topography-based and selection-based responding (Wraikat et al.,
1991), the present experiment revealed no clear or systematic differences between the
selection-based MTS performances and the topography-based naming performances
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during acquisition of the original baseline relations. The original baseline conditional
discriminations (Condition 1) and baseline stimulus functions (Condition 2) were learned
across a similar number of trial blocks (approximately 10 trial blocks each). Also, baseline
relations in both conditions also were maintained with high accuracy during tests of
stimulus equivalence and functional equivalence that were conducted both before and after
reversal training.
Outcomes of the initial tests for stimulus equivalence and functional equivalence,
however, suggested some differences. In Condition 1 stimulus equivalence classes were
demonstrated quickly with all students. For most students the tests for reflexivity,
symmetry, transitivity, and equivalence revealed class-consistent performances in the first
trial block of each test. On the other hand, the extent to which functional stimulus classes
were established and then demonstrated varied across students. Most students failed to
show functional equivalence among the stimuli such that adding a response to one
stimulus would similarly affect the responding to other stimuli. Only 1 of 8 students
(S108) demonstrated the establishment of a functional stimulus class immediately after the
first function change suggesting that A, B, and C stimuli initially had acquired independent
stimulus functions. For one student changing the functions of A1 and A2 resulted in the
immediate transfer of the new responding to B and C stimuli. Demonstrations of the
formation of functional stimulus classes with the other students required that the transfer
of the new functions be reinforced explicitly and then demonstrated in the absence of
reinforcement after a second function change. Still, two of these students required explicit
instructions after the second test of transfer of function had failed. The failure to
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immediately demonstrate the establishment of functional stimulus classes with most
students is discussed further in the General Discussion.
Effects of Reversals
The effects of the baseline reversals on subsequent MTS and naming performances
also revealed some interesting and perhaps significant similarities and differences. For
example, both MTS and naming performances were found to be quite sensitive to
reversals of baseline contingencies. Acquisition of the reversed conditional discriminations
(Condition 1) and reversed stimulus functions (Condition 2) was comparable as shown by
the similar number of trials blocks required to reach criterion in the reversal phases.
Furthermore, the sensitivity of baseline MTS and naming performances to the
reversal contingencies led to expected outcomes on the post-reversal tests. With 5 of 8
students in Condition 1, who reversed their responding on AB baseline trials, reversing
selected conditional discriminations resulted in a complete class-reorganization. That is,
the AB baseline reversals resulted in corresponding reversals of MTS performances on BA
symmetry, AC transitivity, and CA equivalence trial types, suggesting that the new
stimulus equivalence classes A2B1C1 and A1B2C2 were established. In effect, stimuli A1
and A2 had switched class membership with these students. Two students (S106 and
S107) showed corresponding reversals on symmetry trial types but only partial reversals
on transitivity and equivalence trial types. One student (S103) failed to maintain reversed
responding on the AB baseline relations during the post-reversal test. The apparent
insensitivity of this student’s MTS performance to the reversal contingencies, however, is
consistent with previous studies in which altering baseline relations sometimes was found
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to be quite difficult, especially when those changes conflict with organization of the
original stimulus equivalence classes (e.g., Pilgrim et al., 1995; Saunders et al., 1988).
Naming performances, too, were found to be quite sensitive to the reversal
contingencies in the post-reversal naming test. Most students (7 of 8), who reversed their
responses to A stimuli, also reversed their responding to B and C stimuli. This outcome
suggests that the discriminative functions of the original stimulus classes (i.e., A1B1C1
occasion R1 and A2B2C2 occasion R2) reversed while stimulus-class memberships
remained intact (i.e., A1B1C1 occasion R2 and A2B2C2 occasion R1). In both
conditions, only the two stimulus classes that were targeted for reversal were affected by
the changes in baseline contingencies. The control classes in both conditions (i.e.,
A3B3C3) remained intact during the post-reversal tests suggesting that MTS and naming
performances during the post-reversal tests were in fact controlled by a manipulation of
the class-defining contingencies.
Maintenance of MTS and Naming Performances
Previous studies have found that stimulus equivalence classes, once established and
demonstrated, can be quite stable over time (Saunders et al., 1988; Spradlin et al., 1992).
The present experiment showed that functional stimulus classes, too, could be quite stable.
Class-consistent performances in both conditions were maintained after several weeks of
no additional practice or testing. Despite a slight decrement in the accuracy of responding
on some trial types of the follow-up tests with some students, the maintenance of classconsistent performances across most trial types demonstrated the preservation of distinct
stimulus classes.

57
Interestingly, however, the follow-up MTS performances in Condition 1 were
consistent mostly with the original baseline contingencies. The formation of the altered
stimulus equivalence classes (A2B1C1, A1B2C2, and A3B3C3) that were demonstrated in
the post-reversal test were not demonstrated in the follow-up test. Instead, the follow-up
MTS performances returned to a pattern consistent with the original stimulus classes
(A1B1C1, A2B2C2, and A3B3C3). Thus, the effects of the reversal contingencies on
MTS performance appeared to be temporary, as they did not control responding in the
follow-up test.
The effects of reversal contingencies on the stimulus functions in Condition 2 also
appeared to be temporary. The follow-up test in Condition 2 showed that there was a
similar return to original patterns of naming. Although the follow-up naming
performances continued to be consistent with the original functional stimulus classes (i.e.,
A1B1C1, A2B2C2, and A3B3C3), the stimulus functions returned to those consistent
with the original training and not with the previous reversal training. Respectively, the
responses R1, R2, and R3 were emitted in the presence of the stimulus classes A1B1C1,
A2B2C2, and A3B3C3 during the follow-up test.
The return to original patterns of responding, or that most consistent with original
training suggests that, once established, stimulus equivalence and functional stimulus as
defined by their stimulus functions can be quite stable over time. Other studies have
demonstrated similar maintenance of class-consistent responding over 3 or even 5 months
of no intervening practice or testing (see Saunders, Wachter, & Spradlin, 1988), but the
results of the present experiment demonstrated that this stability could be demonstrated
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even when the class-defining contingencies were altered previously. Although responding
was shown to be sensitive to local changes in reinforcement contingencies (i.e., in the
post-reversal tests), the original contingencies appeared to exert control over responding
after the passage time.
Analysis of Reaction Times
Analysis of response speed in the present experiment revealed some differences
beyond those revealed by the accuracy or patterns of MTS and naming performances. The
most consistent finding across both conditions was that speeds were slightly faster on trial
types involving the control class than on trial types of the two classes that were target for
baseline reversal. With most students response speeds across MTS trial types in
Condition 1 also showed a hesitation to respond on transitivity and equivalence trials
compared to baseline trials. This difference in speed across trial types is consistent with
previous reports of speed differences across equivalence trial types even when accuracy
was similar (Spencer & Chase, 1996). No systematic speed differences were revealed in
the naming performances across members of the functional stimulus classes.
Summary
In general the results of Experiment 1 suggest that stimulus equivalence classes
and functional stimulus classes may be quite stable over time. In the present experiment
the original class-defining contingencies continued to influence responding long after initial
training and even after the original contingencies were altered. Although MTS and
naming performances were sensitive to reversals of the original contingencies, the effects
of reversals appeared to be temporary and gave way to original patterns of responding
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after the passage of time.
The results of Experiment 1 must be considered preliminary given the indirect
manner in which the susceptibility of stimulus equivalence classes and functional stimulus
classes to baseline reversals were compared. Thus, more direct investigations of the
effects of reversing or altering class-defining contingencies on stimulus classes are
warranted. Therefore, Experiment 2 was conducted to provide an alternative method by
which selection-based MTS and the topography-based naming procedures could be
compared more directly.
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Experiment 2
The purpose of Experiment 2 was to compare MTS and naming procedures in the
expansion of stimulus equivalence classes (Condition 1) and functional stimulus classes
(Condition 2). Unlike the comparisons conducted across stimulus equivalence classes and
functional stimulus classes in Experiment 1, Experiment 2 allowed a within-class
comparison of selection-based MTS and topography-based naming procedures and their
relative influences on stimulus class formation. In Condition 1, three 3-member stimulus
equivalence classes were established first using the MTS procedure. Then each stimulus
class was expanded with two novel stimuli. Class membership for one novel stimulus was
established using the MTS procedure, whereby the novel stimulus served as a comparison
and an existing class stimulus served as the sample. Class membership for the other novel
stimulus was established using the naming procedure, whereby a nonsense word was
trained to it and an existing stimulus-class member. In Condition 2, using the same
students, the MTS and naming procedures were compared in the expansion of functional
stimulus classes. Using the naming procedure initially, three 3-member functional stimulus
classes were established and then expanded with two novel stimuli. As in Condition 1,
one stimulus was added to the classes with the MTS procedure and another stimulus was
added with the naming procedure. In both conditions class expansion was followed by
tests in which the pattern and speed of responses across all possible stimulus relations
involving the novel stimuli and existing class stimuli were compared to reveal any
differential effects of the MTS and naming expansion procedures.
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Method
Participants
Eight new undergraduate college students (7 females and 1 male; ages 18-21)
served as subjects. The selection procedures and contingencies for payment were similar
to those in Experiment 1.
Apparatus
The apparatus used was the same as in Experiment 1.
Stimuli
Sets of equivalence classes and functional stimulus classes were similar to those
used in Experiment 1 except that the classes were enlarged to include additional stimuli
(e.g., D1, D2, D3, E1, E2, and E3). Figure 10 shows the stimuli used in Experiment 2.
Half of the students were taught to respond to three 5-member equivalence classes
displayed in the top panel along with the corresponding vocal responses R1, R2, and R3
that were used during the class expansion phase of Condition 1 (described below). In
Condition 2, the same students were taught to respond to three 5-member functional
stimulus classes with corresponding vocal responses shown in the bottom panel. As in
Experiment 1, the two sets of stimuli were switched for half of the students (S201, S203,
S205, and S208) such that the stimuli and responses shown in the top panel were used in
Condition 2 and those shown in bottom panel were used in Condition 1.
General Procedures
As in Experiment 1, students were randomly assigned to one of two groups
differing only in the order of conditions presented. For one group of students (S201,
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Figure 10. Stimuli and corresponding responses used in Experiment 2.
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S204, S206, and S207), MTS and naming procedures for expanding class membership
were compared with stimulus equivalence classes first (Condition 1) and functional
stimulus classes second (Condition 2); the order was reversed for the other group of
students (S202, S203, S205, and S208). Procedures for MTS and naming trials,
instructions, session duration, and scheduling were the same as in Experiment 1. The
post-expansion test (described below) always was conducted on a new day to ensure that
the length of time between expansion training and testing was similar across students.
Condition 1: Expansion of Stimulus Equivalence Classes
Phase 1: Original baseline training. Using the graded-choice MTS training
procedure, the original baseline relations (AB and BC) were taught in three stages as in
Experiment 1 (see Phase 1 in Table 5). This established the prerequisite relations for the
formation of three 3-member stimulus equivalence classes: A1B1C1, A2B2C2, and
A3B3C3. Trial blocks that trained AB, BC, and a mix of AB and BC trial types were
presented until performance met the standard accuracy criterion in each stage and for each
level of reduced feedback.
Phase 2: Tests of stimulus equivalence. Tests of reflexivity, symmetry, transitivity,
and equivalence were conducted in the same manner as in Experiment 1.
Phase 3: Expansion of stimulus equivalence classes. Once the equivalence classes
were established and demonstrated, they were expanded with novel stimuli using both
MTS and naming procedures (see Phase 3 in Table 5). Stimuli D1, D2, and D3 were
added to the three stimulus classes by training the new conditional discriminations C1D1,
C2D2, and C3D3 using the MTS graded-choice procedure. Each CD trial type was
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Table 5
Experimental Phases and Composition of Trial Blocks in Experiment 2 Condition 1
____________________________________________________________________________________________
Trials of Each Type/
a
Phases
Procedure
Total Per Block
Trial Types
____________________________________________________________________________________________
1.
2.
3.

4.

Original Baseline
Training

MTS

(same as Condition 1 Experiment 1)

Tests of Stimulus
Equivalence

MTS

(same as Condition 1 Experiment 1)

Class Expansion
D Stimuli

MTS

8/24

E Stimuli

Naming

8/48

MTS

4/168

b

Expanded Baseline
D1 -> C1,C2,C3 E1 -> C1,C2,C3
D2 -> C1,C2,C3 E2 -> C1,C2,C3
D3 -> C1,C2,C3 E3 -> C1,C2,C3
Symmetry
C1 -> D1,D2,D3 C1 -> E1,E2,E3
C2 -> D1,D2,D3 C2 -> E1,E2,E3
C3 -> D1,D2,D3 C3 -> E1,E2,E3
Transitivity
A1 -> D1,D2,D3 A1 -> E1,E2,E3
A2 -> D1,D2,D3 A2 -> E1,E2,E3
A3 -> D1,D2,D3 A3 -> E1,E2,E3
B1 -> D1,D2,D3 B1 -> E1,E2,E3
B2 -> D1,D2,D3 B2 -> E1,E2,E3
B3 -> D1,D2,D3 B3 -> E1,E2,E3
Equivalence
D1 -> A1,A2,A3 E1 -> A1,A2,A3
D2 -> A1,A2,A3 E2 -> A1,A2,A3
D3 -> A1,A2,A3 E3 -> A1,A2,A3
D1 -> B1,B2,B3 E1 -> B1,B2,B3
D2 -> B1,B2,B3 E2 -> B1,B2,B3
D3 -> B1,B2,B3 E3 -> B1,B2,B3
____________________________________________________________________________________________
a

Post-Expansion Test
(and Follow-Up Test)

C1 -> D1,D2,D3
C2 -> D1,D2,D3
C3 -> D1,D2,D3
C1 -> R1,R2,R3 E1 -> R1,R2,R3
C2 -> R1,R2,R3 E2 -> R1,R2,R3
C3 -> R1,R2,R3 E3 -> R1,R2,R3

MTS trials -- the sample stimulus is represented to the left of the arrow and comparison stimuli
to the right; naming trials -- the stimulus appears to the left and accepted responses to the right.
Reinforced choices/responses are underlined, and correct or class consistent choices are bolded.
b
Equivalence and post-reversal tests included AB and BC baseline trials interspersed among the
test trials.
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presented eight times per trial block for a total of 24 trials. CD training continued until
the standard accuracy criterion was met during each stage of the grade-choice procedure
and at each level of reduced feedback.
Stimuli E1, E2, and E3 were added to the same stimulus classes by training a
shared vocal response to the novel stimuli E and the existing class stimuli C. Speech
models for each of three new nonsense words (“HUK”, “JOF”, and “TUD”) were
constructed first using the same voice-recognition training procedure described previously.
Then, using the graded delayed-prompt procedure, the responses “HUK,” “JOF,” and
“TUD” (R1, R2, and R3, respectively) were trained to stimuli C and E. R1 was reinforced
in the presence of C1 and E1; R2 was reinforced in the presence of C2 and E2; and R3
was reinforced in the presence of C3 and E3. Thus, class membership for E would be
based on its shared function with C, an existing class member. Each stimulus was
presented eight times per block for a total of 48 trials per block, and in a quasi-random
order with the standard restrictions. Upon reaching the standard accuracy criterion of 44
of 48 trials correct for three consecutive trial blocks, the proportion of trial-to-trial
feedback was reduced to 75, 50, 25, and 0 percent across trials blocks.
The order of expansion procedures within each condition was counter-balanced.
With two students of each group (S201, S203, S206, and S208), the stimulus classes were
expanded with D stimuli first using the MTS procedure, and then with E stimuli using the
naming procedure. With the other students (S202, S204, S205, and S207), classes were
expanded in the reverse order.
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Phase 4: Post-expansion test. Blocks of trials in this phase consisted of all possible
conditional discriminations in which D and E stimuli were presented as samples or
comparisons and the original baseline conditional discriminations (see Phase 4 in Table 5).
Using the MTS procedure, each trial type was presented four times for a total of 168 trials
per block. Test blocks were conducted in the absence of feedback, and they were
repeated until stable performance was exhibited across a minimum of 3 trial blocks. Any
differences found between accuracy and speed of responding on trial types involving D or
E stimuli would be attributable to the MTS or naming procedure used during class
expansion phase.
Condition 2: Expansion of Functional Stimulus Classes
Phase 1: Original baseline training. Speech models for each of three new
responses (“GOX,” “TIF,” and “JAS,”) were sampled first using the standard voicerecognition training procedure. Then the original baseline name relations AR, BR, and CR
were taught in the same manner as in Experiment 1, thereby establishing the prerequisite
relations for the formation of three 3-member functional stimulus classes: A1B1C1,
A2B2C2, and A3B3C3 (see Phase 1 in Table 6). Using the graded delayed-prompt
procedure trial blocks consisting of AR, BR, CR, and a mix of all three trial types were
presented until performance met the standard accuracy criterion in each stage of training
and each level of reduced feedback.
Phase 2: Test of functional equivalence. The procedures for testing functional
equivalence were the same as in Experiment 1. Each function change involved training
new responses to A stimuli and then testing for a transfer of responding
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Table 6
Experimental Phases and Composition of Trial Blocks in Experiment 2 Condition 2
____________________________________________________________________________________________
Trials of Each Type/
a
Phases
Procedure
Total Per Block
Trial Types
____________________________________________________________________________________________
1.

Original Baseline
Training

Naming

(same as Condition 2 Experiment 1)

Tests of Functional
Equivalence

Naming

(same as Condition 2 Experiment 1)

3.

Baseline Re-Training

Naming

4/36

A1 -> R1,R2,R3
A2 -> R1,R2,R3
A3 -> R1,R2,R3
B1 -> R1,R2,R3
B2 -> R1,R2,R3
B3 -> R1,R2,R3
C1 -> R1,R2,R3
C2 -> R1,R2,R3
C3 -> R1,R2,R3

4.

Class Expansion
D Stimuli

MTS

8/24

E Stimuli

Naming

8/48

C1 -> D1,D2,D3
C2 -> D1,D2,D3
C3 -> D1,D2,D3
C1 -> R1,R2,R3 E1 -> R1,R2,R3
C2 -> R1,R2,R3 E2 -> R1,R2,R3
C3 -> R1,R2,R3 E3 -> R1,R2,R3

Naming

8/24

Naming

4/60

2.

5.

Post-Expansion Test
Function Change

b

Transfer Test
(and Follow-Up Test)

A1 -> R10,R11,R12
A2 -> R10,R11,R12
A3 -> R10,R11,R12

D1 -> R10,R11,R12 E1 -> R10,R11,R12
D2 -> R10,R11,R12 E2 -> R10,R11,R12
D3 -> R10,R11,R12 E3 -> R10,R11,R12
___________________________________________________________________________________________
a

MTS trials - the sample stimulus is represented to the left of the arrow and comparison stimuli to
the right; naming trials -- the stimulus appears to the left and responses to the right. Reinforced
choices/responses are underlined, and correct or class consistent responses are bolded. b Transfer
and follow-up tests included A, B, and C baseline trial types.
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to B and C stimuli. The new responses R4, R5, and R6 (“YIZ,” “VAM,” and “KEL”)
were used in the first function changed and, if required, the responses R7, R8, and R9
(“DAK,” “KOH,” and “MIV”) were used in the second function change.
Phase 3: Baseline re-training. Following testing and a successful demonstration of
functional equivalence, students received additional training on the original baseline AR,
BR, and CR naming trials with R1, R2, and R3 as corresponding responses. The purpose
of this phase was to ensure maintenance of accurate performance on the original baseline
name relations following the change in function change and transfer tests that were
conducted during the previous test for functional equivalence. These trial blocks were
repeated until the standard accuracy criterion was met for minimum of three successive
trial blocks.
Phase 4: Expansion of functional stimulus classes. Once established and
demonstrated, the functional stimulus classes, like the equivalence classes described in
Condition 1, were expanded with novel D and E stimuli with both MTS and naming
procedures (see Phase 4 in Table 6).
Phase 5: Post-expansion test. To determine whether the use of MTS or naming
procedures affects the expansion of functional stimulus classes differentially, tests for
functional equivalence were conducted among the existing and novel stimuli. As in Phase
2 the demonstration of functional equivalence involved training a new response to one
member of each class first and then testing the remaining class members, including the new
expansion stimuli D and E, for a corresponding change in function. As shown in Phase 5
of Table 4, three new responses R10, R11, and R12 (“HUK,” “JOF,” and “TUD”) were
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trained to stimuli A1, A2, and A3, respectively, using the same procedure as in Phase 2.
Upon reaching the accuracy criterion test blocks consisting of trials in which each of six D
and E stimuli (e.g., D1, D2, D3, E1, E2, and E3) and six of each A, B, and C stimuli were
presented to assess for corresponding transfer of function across stimuli of each class.
Each stimulus was presented four times for a total of 60 trials per block. Test blocks were
conducted in the absence of feedback, and they were repeated until stable performance
was exhibited across a minimum of 3 trial blocks. Again, any differences found between
accuracy or speed of responding on trial types involving D or E stimuli would be
attributable to the MTS or naming procedure using during class expansion phase.
Follow-Up Tests
As in Experiment 1 students returned approximately 3 to 4 weeks from the date of
their last session of the experiment proper to assess whether the passage of time would
affect the pattern of responding with respect to expanded stimulus classes. The same tests
presented in the post-expansion test phase were repeated in the same order until
performance was stable across a minimum of 3 test blocks.
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Results
Expansion of Stimulus Equivalence Classes
Baseline training, test of stimulus equivalence, class expansion. Table 7 shows the
number of trial blocks required by each student to reach criterion in all phases of
Condition 1. All students acquired the AB and BC baseline conditional discriminations,
requiring similar amounts of training during the original baseline training. As shown in
Table 7, performance met criterion after 10 to 14 trial blocks with each baseline relation
and 7 to 11 mixed blocks.
On tests of reflexivity, symmetry, transitivity, and equivalence the performance of
most students met criterion performance after only one trial block. Student S206,
however, required 5 reflexivity test blocks, and Student S207 required 3 transitivity test
blocks before performance met criterion. One student, S202, failed to demonstrate
reflexivity, transitivity, or equivalence. The performance of this student remained at
chance levels across these test blocks and showed no trend towards class consistent
patterns of responding. Instructions that described the concept of equivalence were
provided to this student prior to class expansion. The instructions appear verbatim in
Appendix C.
During the class expansion phase, students acquired the new CD conditional
discriminations (C1D1, C2D2, and C3D3) across 14 to 23 trial blocks, and the new
CR/ER (C1R1, E1R1, C2R2, E2R2, and C3R3, E3R3) name relations across 15 to 19
trial blocks. No systematic differences were apparent in the number of trial blocks
required to reach criterion performance between CD MTS trials and the CR/ER naming
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Table 7
Number of Trial Blocks in Each Phase of Experiment 2 Condition 1
______________________________________________________________________________
Students
________________________________________________
Phases
S201 S202 S203 S204 S205 S206 S207 S208
______________________________________________________________________________
1.

Original Baseline Training
AB

13

10

10

11

10

14

12

14

BC

10

10

10

10

9

10

10

10

AB,BC Mix

8

11

7

7

7

8

8

7

Reflexivity

1

4a

1

1

1

5

1

1

Symmetry

1

3

1

1

1

1

1

1

Transitivity

1

3a

1

1

1

1

3

1

Equivalence

1

3a

1

1

1

1

1

1

D Stimuli using MTS

18

15

14

15

15

17

15

23

E Stimuli using Naming

15

16

15

17

16

15

17

19

3

3

3

3

3

3

3

3

2. Test of Stimulus Equivalence

3. Class Expansion

4. Post-Expansion Test

5. Follow-Up Test
3
3
3
3
3
3
3
3
(Days since Post-Expansion Test)(34)
(28) (34) (43) (31) (46) (34) (18)
______________________________________________________________________________
a

This subject did not meet criterion performance for tests of reflexivity, transitivity, and
equivalence; instructions were provided following equivalence blocks; see text for details.
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trials.
Post-expansion test. To determine the effects of MTS or naming procedures on
the expansion of stimulus equivalence classes, blocks of trials that present all possible
stimulus relations were presented during the post-expansion test. As shown in Table 7,
stable patterns of responding were demonstrated with all students after 3 trial blocks.
Performance measures were aggregated across all 3 trial blocks presented during the postexpansion test.
Figure 11 shows the pattern of MTS performance on each trial type involving
either D or E stimuli after the class expansion phase. Filled bars depict the proportion of
correct (or class consistent) responses on trials involving D stimuli, for which class
membership was established through MTS, and empty bars depict the proportion of
correct responses on trials involving E stimuli, for which class membership was established
through naming. The patterns of responding are shown separately for expanded baseline,
symmetry, transitivity, and equivalence trial types. Broken horizontal lines depict overall
performances on the original AB and BC baseline trials.
Of those trials involving the novel D stimuli, expanded baseline trials (EX)
consisted of C1D1, C2D2, and C3D3 trials, symmetry (SY) consisted of D1C1, D2C2,
and D3C3 trials, transitivity (TR) consisted of A1D1, A2D2, A3D3, B1D1, B2D2, and
B3D3 trials, and equivalence consisted of D1A1, D2A2, D3A3, D1B1, D2B2, and D3B3
trials. Overall performance across all trial types involving D stimuli (ALL) also is
depicted.
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0.8
0.6
0.4
0.2

PROPORTION OF RESPONSES CORRECT

0.0
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EQ

ALL

EQ

ALL

EQ

ALL

EQ

ALL

S204

S203

1.0

TR

0.8
0.6
0.4
0.2
0.0

EX

SY

TR

EQ

ALL

EX

SY

S205

1.0

TR

S206

0.8
0.6
0.4
0.2
0.0

EX

SY

TR

EQ

ALL

EX

SY

S207

1.0

TR

S208

0.8
0.6
0.4
0.2
0.0

EX

SY

TR

EQ

ALL

EX

SY

TR

MTS TRIAL TYPES IN POST-EXPANSION TEST

Figure 11. Experiment 2 Condition 1: Proportion of responses that were correct or class
consistent aggregated across trial blocks of the post-expansion test. Proportions are
shown for the expanded baseline trials (EX), symmetry (SY), transitivity (TR),
equivalence (EQ), and across all trials. Filled bars depict performance on trials with D
stimuli (class membership established through matching-to-sample) and empty bars
depict performance on trials with E stimuli (class membership established through
naming). Broken horizontal lines depict the proportion of responses correct on original
baseline trials.
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Of those trials involving the novel E stimuli, expanded baseline trials (EX)
consisted of C1E1, C2E2, and C3E3 trials, symmetry (SY) consisted of E1C1, E2C2, and
E3C3 trials, transitivity (TR) consisted of A1E1, A2E2, A3E3, B1E1, B2E2, and B3E3
trials, and equivalence consisted of E1A1, E2A2, E3A3, E1B1, E2B2, and E3B3 trials.
Overall performance across all trial types involving E stimuli (ALL) also is depicted. It is
important to note here that any conditional relation revealed between C and E stimuli,
tested by CE MTS trials (empty “EX” bars), could be derived only through their common
names learned during the CR/ER expansion training. Because CE conditional
discriminations were not trained explicitly, labeling CE as baseline, EC trials as symmetry,
AE and BE trials as transitivity, and EA and EB trials as equivalence may be questionable
and perhaps misleading. Their use in this context serves mainly to facilitate comparisons
of corresponding trial types with novel D stimuli. In this case the extent to which “true”
symmetry, transitivity, and equivalence are demonstrated among the stimulus relations
involving E stimuli depends on the extent to which conditional relations between C and E
are demonstrated.
As Figure 11 shows, the pattern of responding was quite variable across students.
First, MTS performance on baseline trial types (e.g., AB and BC), as shown by broken
horizontal lines, remained highly class-consistent with only 3 of 8 students (S203, S204,
and S206). Class-consistent baseline performances were slightly above chance with 3
students (S201, S202, and S205) and at chance with 2 students (S207 and S208).
Because this decrement in class-consistency suggests that the original stimulus equivalence
classes were disrupted, the extent to which class membership among D and E stimuli
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could be demonstrated was severely limited. Nevertheless, the expansion of the three 3member stimulus equivalence classes with novel D and E stimuli was demonstrated to
varying degrees across students.
Five students (S202, S203, S204, S205, and S208) showed similar performances
across trial types with D and E stimuli. Only two students (S203 and S204) demonstrated
highly accurate, class consistent responding across expanded baseline, symmetry,
transitivity, and equivalence trials types with both D and E stimuli, suggesting that both D
and E stimuli became members of the original 3-member stimulus equivalence classes.
Student S205 demonstrated moderately accurate, class-consistent responding on
approximately 60 percent of trials across all trial types, whereas S208 demonstrated
moderately accurate responding on expanded baseline and symmetry trial types and
chance-level performance on transitivity and equivalence trial types (chance is
approximately 33 percent). Student S202 demonstrated chance-level responding across
most trial types.
Several students (S201, S206, and S207) showed differential performance across
trial types involving D and E stimuli. For students S206 and S207 the proportion of classconsistent responding was appreciably higher on trial types involving D stimuli than those
involving E stimuli. S206 demonstrate highly accurate, class-consistent responding across
most trial types involving D stimuli and only chance-level performance across trial types
involving E stimuli. Student S206’s performance suggests that D but not E stimuli
became members of the original stimulus equivalence classes. Student S207 demonstrated
class-consistent responding on approximately half of the trials across the trial types
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involving D stimuli (slightly above chance), whereas the proportion of class-consistent
responding across trial types involving E stimuli was slightly below chance. An opposite
pattern of performance was found for S201, who demonstrated a greater proportion of
class-consistent responding across trial types involving E stimuli (slightly above chance)
compared to those involving D stimuli (below chance).
Figure 12 shows mean response speeds on each trial types of the post-expansion
test. Here response speeds represent correct or class-consistent responding. As shown in
Figure 12 no differences were revealed between mean response speeds on trials involving
D and E stimuli. In general speeds across the expanded baseline, symmetry, transitivity,
and equivalence trial types were at or below mean speed across the original baseline trials.
Expansion of Functional Stimulus Classes
Baseline training, test of functional equivalence, class expansion. Table 8 shows
the number of trial blocks required by each student to reach criterion in all phases of
Condition 2. All students acquired the AR, BR, and CR baseline name relations, requiring
similar amounts of training during the original baseline training. As shown in Table 8,
performance met criterion after 9 to 11 trial blocks with each name relation and 7 to 10
mixed blocks.
As revealed in the tests of functional equivalence in Experiment 1, successful
demonstrations of functional stimulus classes required repeated function changes. All
students successfully acquired the change in functions of A stimuli in 13-15 trial blocks;
students now responded with responses R4, R5, and R6 in the presence of A1, A2, and
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Figure 12. Experiment 2 Condition 1: Mean response speeds on correct or class
consistent MTS trials aggregated across trial blocks of the post-expansion test. Error bars
depict one standard deviation. For each subject response speeds are shown for the
expanded baseline trials (EX), symmetry (SY), transitivity (TR), equivalence (EQ), and
across all trials. Filled bars depict performance on trials with D stimuli (class
membership established through matching-to-sample) and empty bars depict performance
on trial with E stimuli (class membership established through naming). Broken
horizontal lines depict the mean response speed on original baseline trials for each
subject.

78
Table 8
Number of Trial Blocks in Each Phase of Experiment 2 Condition 2
____________________________________________________________________________________________

Students
__________________________________________________________

Phases
S201 S202 S203 S204 S205 S206 S207 S208
______________________________________________________________________________
1. Original Baseline Training
AR

9

11

10

10

10

10

9

10

BR

9

10

9

9

10

10

10

9

CR

9

10

10

10

10

10

10

9

AR,BR,CR Mix

7

7

10

8

7

8

7

7

15

14

16

15

14

13

15

14

3
(No)

3
(No)

3
(No)

2
(No)

3
(No)

13

13

13

14

21

2. Test of Functional Equivalence
Function change I
Transfer Test I
(Criterion met?)
Function Change II
Transfer Test II
(Criterion met?)
3. Baseline Re-Training

2
2
3
(No) (Yes) (No)
14

5
3
1
(Noa) (Noa) (Yes)

-

14

3
2
3
3
(Noa) (Noa) (Yes) (Noa)

5

6

3

3

4

3

3

3

D stimuli using MTS

18

18

18

14

14

15

14

21

E stimuli using Naming

14

16

14

17

14

15

14

14

Function change I

14

14

14

14

14

14

14

17

Transfer Test I

3

3

3

3

3

3

4

3

6. Follow-Up Test
(Days since previous test)

4
(19)

3
(37)

3
(39)

3
(30)

3
(38)

3
(34)

3
(20)

3
(27)

4. Class Expansion

5. Post-Expansion Test

____________________________________________________________________________________________
a

Instructions were provided at this point; see text for details.
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A3, respectively. In the first test of transfer, however, only student S204 demonstrated a
transfer of responding to stimuli B and C. When the functions of A stimuli were changed
a second time such the new responses R7, R8 and R9 were reinforced in the presence of
A1, A2, and A3, respectively, two more students, S203 and S207, demonstrated a transfer
of responding to B and C stimuli. The remaining students (S201, S202, S205, S206, and
S208) failed to demonstrate a transfer of responding and, thus, were provided with
instructions that described the concept of functional equivalence (see Appendix B).
During the baseline re-training phase all students were re-trained to respond to the stimuli
with the original responses R1, R2, and R3. Students met criterion performance after 3 to
6 trial blocks.
During the class expansion phase, students acquired the new CD conditional
discriminations (C1D1, C2D2, and C3D3) across 14 to 21 trial blocks, and the new
CR/ER (C1R1, E1R1, C2R2, E2R2, and C3R3, E3R3) name relations across 14 to 17
trial blocks. As with the expansion of stimulus equivalence classes in Condition 1, no
systematic differences were apparent between the number of trial blocks required to reach
stable performance on CD MTS trials and the CR/ER naming trials.
Post-expansion test. To assess the effects of the expansion procedures on the
functional stimulus classes, the transfer of responding across members of the functional
stimulus classes and the new D and E stimuli was assessed after a function change.
Similar to previous tests of functional equivalence, students first were trained to emit the
new responses (e.g., R10, R11, and R12) in the presence of stimuli A1, A2, and A3,
respectively. As shown in Table 8, students’ performance met criterion after 14 to 17 trial
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blocks. Then a transfer of responding to B, C, D, and E stimuli was assessed during
blocks of naming trials that presented all stimuli. Stable performance on the transfer test
was demonstrated after 3 trial blocks for most students and 4 blocks for Student S207.
Performance measures were aggregated across all trial blocks presented during the postexpansion transfer tests.
Figure 13 shows the results of the transfer test after the function change. Filled
bars depict the proportion of correct trials, or trials consistent with a transfer of function,
for trials in which D stimuli were presented (DR), empty bars depict the proportion of
correct trials in which E stimuli were presented (ER). The broken horizontal line depicts
the overall performance on those trials in which the baseline stimuli A, B, and C were
presented. Unlike the decrements found on baseline MTS trial types in Condition 1, the
naming performances across A, B, and C baseline stimuli, as shown by the broken
horizontal lines, remained highly consistent with original training with most students,
suggesting that the original three 3-member functional classes remained intact. With only
2 students (S202 and S207), class-consistent naming of baseline stimuli decreased
somewhat, but performance remained above chance levels. Also, most students except
S201, S202, and S207 demonstrated highly accurate, class-consistent naming across D
and E trial types. In other words, these students transferred the new R10, R11, and R12
responses to D and E stimuli. Thus, because similar accuracy was found across D and E
trial types for these students, the MTS and naming expansion procedures appeared equally
effective in expanding the original functional stimulus classes with D and E stimuli.
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Figure 13. Experiment 2 Condition 2: Proportion of responses that were correct or class
consistent (R10, R11, and R12) aggregated across trial blocks of the post-expansion
transfer test. Filled bars depict performance on trials with D stimuli (class membership
established through matching-to-sample) and empty bars depict performance on trials
with E stimuli (class membership established through naming). Broken horizontal lines
depict the proportion of responses correct on original baseline trials.
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Differences in accuracy, however, were found across D and E trial types with
some students (S201, S202, and S207). For example, the proportion of class-consistent
naming with S201 and S207 was higher with E stimuli than with D stimuli, suggesting that
the naming procedure was more effective in expanding the original functional stimulus
classes with E stimuli than the MTS procedure was with D stimuli. The difference
between D and E expansion was reversed with S202, but because the proportion of classconsistent responding was low across baseline, D, and E trial types, this difference may
not be meaningful.
Figure 14 shows the mean response speeds between D and E trial types of the
post-expansion transfer test. For each student little or no differences between mean
speeds on D and E trial types were revealed. Where differences were found (5 or 8
students), speeds were slightly higher on E trial types. In general, speeds were similar to
the overall speeds for A, B, and C baseline stimuli, as shown by the broken horizontal
lines.
Follow-Up Tests
Follow-up tests were conducted to determine if the passage of time would reveal
differential effects of the MTS and naming procedures on the expansion of stimulus
equivalence and functional stimulus classes. As shown in Tables 7 and 8, follow-up tests
were conducted 18 to 46 days following the post-expansion test.
Stimulus equivalence classes. Figure 15 shows the proportion of correct, or classconsistent, responding across MTS trial types in the follow-up test. All students except
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Figure 14. Experiment 2 Condition 2: Mean response speeds on correct or classconsistent naming trials (R10, R11, and R12) aggregated across trial blocks of the postexpansion test. Error bars depict one standard deviation. Filled bars depict performance
on trials with D stimuli (class membership established through matching-to-sample) and
empty bars depict performance on trial with E stimuli (class membership established
through naming). Broken horizontal lines depict the mean response speed on original
baseline trials.
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Figure 15. Experiment 2 Condition 1: Proportion of responses that were correct or classconsistent aggregated across trial blocks of the follow-up test. Proportions are shown for
the expanded baseline trials (EX), symmetry (SY), transitivity (TR), equivalence (EQ),
and across all trials. Filled bars depict performance on trials with D stimuli (class
membership established through matching-to-sample) and empty bars depict performance
on trials with E stimuli (class membership established through naming). Broken
horizontal lines depict the proportion of responses correct on original baseline trials.
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S204 and S205 showed chance-level performance across most trial types, including the
baseline trial types. For most students, in other words, response patterns no longer were
consistent with the original or expanded stimulus classes. When the follow-up and the
post-expansion performances (Figures 11 and 15) are compared, considerable disruptions
in the organization of the stimulus equivalence classes are revealed by the passage of time.
Only Student S204, and to a lesser extent S205, maintained class-consistent MTS
performance on baseline trial types, however, accuracy of responding across all trial types
was appreciably greater on trials involving D stimuli, for which class membership was
established through MTS. Thus, class memberships for D stimuli remained intact for S204
and above chance for S205 after the follow-up period. However, accurate performance
on trials involving E stimuli, for which class membership was established through naming,
was eliminated almost completely for S204 and reduced to a near change level for S205.
Thus, differential effects of the MTS and naming procedures on the expansion of the
stimulus equivalence classes were revealed, but only after follow-up period and only with
2 of 8 students.
Figure 16 shows the mean response speeds on each MTS trial type of the followup test. For most students the analysis of speeds did not reveal appreciable differences in
reaction times between trials involving D and E stimuli. In addition, no clear or systematic
differences were revealed across baseline, symmetry, transitivity, or equivalence trial
types. Only S204 showed some differences in reaction times between trials involving D
and E stimuli. For this student, mean speeds were higher on trial types involving D
stimuli, for which class membership was established through MTS.
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Figure 16. Experiment 2 Condition 1: Mean response speeds on correct or classconsistent MTS trials aggregated across trial blocks of the follow-up test. Error bars
depict one standard deviation. For each subject response speeds are shown for the
expanded baseline trials (EX), symmetry (SY), transitivity (TR), equivalence (EQ), and
across all trials. Filled bars depict performance on trials with D stimuli (class
membership established through matching-t0-sample) and empty bars depict performance
on trial with E stimuli (class membership established through naming). Broken
horizontal lines depict the mean response speed on original baseline trials.
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Functional stimulus classes. To assess the effect of the passage of time on naming
performance, a test identical to the post-expansion naming test was conducted. During this
test, any response (R1 through R12) was accepted as a recognized response. Therefore,
students could have responded consistently with the original responses (R1, R2, or R3),
with responses trained during the most recent transfer of function (R10, R11, or R12), or
with a combination of all responses previously trained. Results revealed that responses
were consistent mostly with the original responses (R1, R2, and R3) and, thus, class
consistent responding with R1, R2, and R3 was considered correct in subsequent analyses.
Responses other than R1, R2, and R3, or responses that were not class-consistent, were
considered incorrect.
Figure 17 shows the proportion of correct responses, or responses consistent with
original responses (R1, R2, and R3), during the follow-up test. Class-consistent naming
of the baseline stimuli, as shown by the broken horizontal lines, remained highly accurate
with most students except S201 and S202. Only S205 demonstrate class-consistent
naming across D and E stimuli as well, suggesting that the expanded 5-member functional
stimulus classes were well maintained. With five students (S203, S204, S206, S207, and
S208), appreciable differences in class-consistency across D and E stimuli were
demonstrated. In all of these cases, class-consistent naming of E stimuli, for which class
membership was established through naming, was better than that of D stimuli, for which
class membership was established through MTS. This difference across D and E trial
types suggests that the naming procedure in general was more effective than the MTS
procedure in maintaining membership in the functional stimulus classes over time.
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Figure 17. Experiment 2 Condition 2: Proportion of responses that were correct or classconsistent (R1, R2, and R3) aggregated across trial blocks of the follow-up test. Filled
bars depict performance on trials with D stimuli (class membership established through
matching-to-sample) and empty bars depict performance on trials with E stimuli (class
membership established through naming). Broken horizontal lines depict the proportion
of responses correct on original baseline trials.
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Figure 18 shows the mean response speeds on each naming trial type of the followup test. Where appreciable differences were revealed (S202, S204, S207, and S208),
speeds were faster on trials involving E stimuli, for which class membership was
established through naming, than on trials involving D stimuli.
Stimulus Sets and Order of Conditions
As in Experiment 1, no differential effects of order of stimulus set, order of
conditions, or order of MTS and naming expansion were found on performances.
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Figure 18. Experiment 2 Condition 2: Mean response speeds on correct or classconsistent trials (R1, R2, and R3) aggregated across trial blocks of the follow-up test.
Error bars depict one standard deviation. Filled bars depict performance on trials with D
stimuli (class membership established through matching-to-sample) and empty bars
depict performance on trial with E stimuli (class membership established through
naming). Broken horizontal lines depict the mean response speed on original baseline
trials for each subject.
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Discussion
The purpose of Experiment 2 was to compare the use of selection-based MTS and
topography-based naming procedures in the expansion of stimulus equivalence classes
(Condition 1) and functional stimulus classes (Condition 2) with novel stimuli.
Experiment 2 allowed a more direct comparison of selection-based MTS and topographybased naming performance because the effects of the expansion procedures were assessed
within stimulus classes and in the same context (i.e., either MTS or naming tests).
Contrary to Experiment 1, the pattern and speed of MTS and naming performances in
each condition were compared directly to determine the extent to which the MTS and
naming procedures successfully expanded the stimulus classes.
Expansion of Stimulus Equivalence Classes
As in Experiment 1 Condition 1 the original baseline conditional discriminations
were acquired uniformly by all students. Subsequent tests of the properties of stimulus
equivalence also confirmed the demonstration of three 3-member stimulus equivalence
classes by most students. Only Student S202 failed to show class-consistent MTS
performance on tests for reflexivity, transitivity, and equivalence, and required further
verbal instruction. All students then acquired the conditional discriminations with the
novel D stimuli and the stimulus functions with stimuli C and the novel stimuli E required
for class expansion.
As revealed by the post-expansion MTS tests, the expansion of the original
stimulus equivalence classes in general was not successful with most students. Because
MTS performances on the original baseline conditional discriminations deteriorated
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considerably after the expansion phase with 4 of 8 students, the relative effectiveness of
the MTS and naming procedures for expanding stimulus equivalence classes is difficult to
determine. In fact, decrements in baseline performance invalidated the tests for
equivalence relations for those students (see Green & Saunders, 1998). Furthermore, no
clear demonstration of class-consistency among trial types involving the novel stimuli D or
E was revealed, indicating that the original stimulus equivalence classes were not
expanded successfully. Where small differences between the performances on D and E
trials were found, those differences were not meaningful against the accompanying
decrements in baseline performance.
Only 3 of 8 students (S203, S204, and S206) demonstrated the maintenance of the
baseline condition discriminations with high accuracy. Class-consistent baseline
performance was substantially above chance with Student S205. Among those students,
the MTS procedure was found to be more effective than the naming procedure in
expanding the stimulus classes with only one student (S206), resulting in the
demonstration of three 4-member classes (i.e., A1B1C1D1, A2B2C2D2, and
A3B3C3D3). In the other two students, however, the MTS and naming procedure
appeared equally effective in expanding the original stimulus classes to three 5-member
stimulus equivalence classes (i.e., A1B1C1D1E1, A2B2C2D2E2, and A3B3C3D3E3)
with Students S203, S204, and 205.
MTS performance in the follow-up tests revealed further decrements in baseline
performance with most students. Only one student (S204) demonstrated class-consistent
performance on the baseline trial types after the follow-up period. One other student
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(S205) showed above chance class-consistent performance on baseline trial types. With
S204, and to lesser extent with S205, the follow-up test revealed an appreciable difference
in class-consistent performance between D and E trial types not found in the previous
post-expansion test. This difference, which favored class-consistent responding with D
stimuli over E stimuli, suggests that the MTS procedure was more effective in
maintaining class membership than the naming procedure when classes were established
originally with MTS procedures.
As in Experiment 1 speeds revealed little about the relative effectiveness of MTS
and naming procedures on the expansion of stimulus equivalence classes beyond accuracy
measures alone. The most consistent finding in support of previous research (e.g.,
Spencer and Chase, 1996), however, was that speeds on transitivity and equivalence trial
types were somewhat slower than on baseline trial types for most students.
Expansion of Functional Stimulus Classes
Compared to the expansion of stimulus equivalence classes, the expansion of
functional stimulus classes appeared more successful. First, class-consistent naming of
baseline stimuli A, B, and C, as measured by a transfer of function, was above chance for
all students. Second, class-consistent performance on trials with the novel D and E stimuli
also was well above chance with 5 of 8 students, suggesting that both D and E stimuli
became members of the functional stimulus classes for these students. Appreciable
differences in class-consistent naming of D and E stimuli were found with two students
(S201 and S207). For these students class-consistent naming performance was better with
E stimuli than with D stimuli, suggesting that the naming procedure was more effective in
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expanding the functional stimulus classes with E stimuli than the MTS procedure in
expanding the classes with D stimuli. Small or no differences were found between the
effects of the MTS and naming procedures on class expansion with other students.
Neither the MTS nor the naming procedure was effective in expanding the functional
stimulus classes with Student S202. Furthermore, this student’s class-consistent naming
of baseline stimulus was at chance levels making her performance difficult to interpret.
The follow-up naming performances also showed a return to original patterns of
responding; a finding consistent with that found Experiment 1. That is, responses that
were used to establish and then expand the original functional stimulus classes (R1, R2,
and R3) -- not the most recent responses used during the post-expansion test to test for
transfer of functions (R10, R11, and R12) -- were used to name the stimuli in the followup test. In general, however, the proportion of class-consistent responding on the followup test was low for most students. Only one student S205 maintain highly accurate classconsistent naming of all stimuli, suggesting that the expanded three 5-member functional
stimulus classes were well maintained.
Contrary to the follow-up MTS tests in Condition 1, however, appreciable
differences in class-consistent naming of D and E stimuli were revealed in the follow-up
naming test. With 5 of 8 students (S203, S204, S206, S207, and S208), the naming
procedure clearly was more effective in maintaining class-consistent naming of E stimuli,
for which the naming procedure was used to establish class membership. These
differences in class-consistent naming of the novel stimuli occurred in the context of highly
accurate, class-consistent naming of the original baseline stimuli, suggesting that E stimuli
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maintained their class membership more than D stimuli. Analysis of response speeds on
the follow-up naming tests supported those differences found in class-consistency. For
example, when appreciable differences in speeds were revealed, E stimuli were named
faster than D stimuli.
The results of the present experiment are suggestive of the influence that original
training procedures have in determining what procedures will be effective in expanding
and maintaining stimulus classes. That is, if a MTS procedure was used to establish the
original stimulus classes, then MTS was more effective in expanding and maintaining class
membership. Conversely, if a naming procedure was used to establish the original
stimulus classes, naming was more effective in expanding and maintaining class
membership. This effect was demonstrated quite convincingly with one student (S204)
across both conditions, and with other students to lesser extents in either condition, but
not in both. Further study of this is required to determine whether this is a reliable effect,
or whether other historical, contextual, or subject variables are involved.
Limitations of the Present Procedures
Several procedural factors have been shown to facilitate MTS performance and,
hence, class-consistent performance on tests of equivalence. These factors have included
number of stimuli, class size, trial sequencing, observing responses, sample-response
requirements, instructions, and training and testing procedures (see Green & Saunders,
1998; Mackay, 1991; Saunders & Williams, 1998 for recent reviews). Although several of
these factors, such as the use of small class sizes, errorless training procedures, and
sample-response requirements, have been incorporated into the design of the present
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experiment precisely to facilitate acquisition and maintenance of MTS performance, others
have not. As in Experiment 1 omissions of one or more of these procedural variables
temper the conclusiveness and generality of the present results.
One limitation of the present experiment, specifically in Condition 1 with stimulus
equivalence classes, is the considerable decrement found in class-consistent responding on
baseline trial types during the post-expansion tests. Decrements in baseline responding
clearly limited the extent to which MTS and naming procedures could be effective in
expanding the stimulus classes. That is, it would be difficult, if possible at all, to expand a
nonexistent stimulus class. At least two procedural factors, the absence of reinforced
baseline relations during testing and the temporal separation of original baseline training
and testing, might have contributed to the decrements found in MTS performance.
In many studies of stimulus equivalence, a proportion of baseline trials are
reinforced during tests of equivalence relations to maintain the prerequisite conditional
discriminations upon which the formation of the stimulus equivalence classes are based, or
to maintain responding under test (i.e., extinction) conditions. Thus, the absence of
reinforcement for baseline responding during the present tests could have contributed to
the general decrements found in class-consistent performance. On the other hand,
successful demonstrations of equivalence relations have been reported without reinforcing
baseline trials during testing (e.g., Saunders et al., 1988). Although the present training
and testing procedures were sufficient to maintain baseline performance with a few
students (and most students in Experiment 1), the extent to which the absence of
reinforcement for baseline performance during tests affected the present outcomes with
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other students is not known.
In addition, the length of time that intervened between original baseline training
and post-expansion test phases may have contributed to the decrement in class-consistent
MTS performance. Specifically, the expansion phase required 2 or more days to
complete, during which no additional opportunities to practice the original baseline
relations were provided. That is, at least 2 days intervened between original baseline
training and post-expansion testing. Including reinforced baseline trials among the blocks
of expansion trials could have bridged the temporal separation between original baseline
training and testing phases. This procedural remedy would likely to have been sufficient
to maintain class-consistent baseline responding well into the post-expansion test phase.
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General Discussion
Since Vaughan (1988) originally proposed a relation between stimulus equivalence
and functional equivalence, few studies have been conducted to specifically address this
question. The purpose of the present experiments, therefore, was to compare selectionbased MTS performances and topography-based naming performances in the
establishment, reversal, and expansion of arbitrary stimulus classes. Results of the present
experiments are suggestive of some potentially important similarities and differences
between stimulus equivalence and functional equivalence.
Similarities Between Stimulus Equivalence and Functional Equivalence
Several similarities in the acquisition, stability, and maintenance of MTS and
naming performances were revealed. First, the present study found no appreciable
difference between acquisition of MTS and naming performances. Second, MTS and
naming performances in Experiment 1 were similarly sensitive to contingency reversals as
responding of the reversed MTS and naming trial types met the accuracy criterion after a
similar number of trial blocks. These similarities in acquisition are contrary to the results
of a previous study by Wraikat et al. (1991), in which topography-based responding
generally was acquired in fewer trials compared to selection-based responding. However,
Wraikat et al.’s use of developmentally disabled adults and a non-vocal topography-based
response (i.e., hand signs or gestures), limit the extent to which their results compare to
the those of the present experiment. Differences might have been minimized by using
young adults who, compared to children or individuals with developmental disabilities,
presumably have well-developed discrimination and naming repertoires. In addition, it is
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possible that the use of errorless training procedures or small stimulus-class sizes in the
present experiments further minimized the likelihood that differences would be revealed by
insuring high accuracy. Future research might manipulate such procedural or subject
variables to determine how task difficulty contributes to the sensitivity of finding
differences between MTS and naming performances. Practical considerations also indicate
the need for further research to more thoroughly compare the acquisition of MTS and
naming performances. For example, knowing the relative effectiveness of procedures that
establish MTS and naming repertoires can be useful in educational or other applied
settings where a goal might be to establish stimulus classes quickly and efficiently
(Wraikat et al. 1985; Michaels, 1980).
Another similarity between MTS and naming performances was the reliable return
to original patterns of responding during the follow-up tests in Experiment 1 and in
Experiment 2 Condition 2. Several factors may have contributed to this finding. Among
them is the use of a third control class (e.g., A3B3C3) that remained constant or
unaltered. The baseline relations of this class were not reversed and, as expected, MTS
performance remained consistent with original training during the post-reversal follow-up
tests. Because responding to the control class remained consistent with original training
on all tests, it may have strengthened the original patterns of responding with the other
two stimulus classes. This procedural factor seems less tenable, however, given that
naming performances in Conditions 2 of both experiments also returned to original
responses on the follow-up tests, even after corresponding responses to all three stimulus
classes were changed during previous tests of functional equivalence.
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The reappearance of original patterns of responding is consistent with previous
studies that have demonstrated a tendency of previously reinforced response topographies
to reappear after time. Termed resurgence (Epstein, 1985; Epstein & Skinner, 1980),
earlier forms of reinforced responding were found to most likely reappear in ambiguous or
non-reinforcement contexts such as in extinction conditions when more recently reinforced
forms of responding no longer are effective (Epstein, 1985).
Recently, Wilson and Hayes (1996) have reported resurgence of derived
equivalence relations that have no history of explicit reinforcement. In their study with
college students, baseline conditional discriminations were established first in the usual
manner using a matching-to-sample procedure. This was followed by tests for the
properties of equivalence that included reinforced baseline trials. When class-consistent
performances were demonstrated, selected baseline relations were altered leading to
demonstrations of reorganized stimulus equivalence classes. Then selected baseline
performances, which were consistent with the recent reversal training, were punished by
presenting feedback that indicated that those responses were now incorrect. On
subsequent tests for the properties of stimulus equivalence, responding returned to earlier
patterns of responding on baseline, symmetry, and transitivity trials. Wilson and Hayes
(1996) concluded that resurgence could be found with previously exhibited derived
responding as well as with previously reinforced responding.
The results of Experiment 1 in the present study bear some resemblance to the
results of Wilson and Hayes (1996). In the present study MTS performances in Condition
1, including both previously reinforced and derived responding, quickly conformed to the
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contingency reversals, and then returned to a pattern consistent with original stimulus
equivalence classes during the follow-up tests. A similar finding was obtained with
naming performances. In Condition 2 of both experiments, when functional stimulus
classes were involved, students successfully named stimuli with the new responses used
during tests of functional equivalence, but then named stimuli with the original responses
during the follow-up tests. Thus, the present study extends demonstrations of resurgence
found previously among derived MTS performances to the naming performances involving
with functional stimulus classes.
In contrast to Wilson and Hayes (1996), however, resurgence of baseline and
derived MTS or naming performances were demonstrated not by punishing most recent
patterns of responding (i.e., those that conformed to the reversal contingencies) but simply
by reassessing patterns of responding after the passage of time. Epstein (1985) has noted
that resurgence is likely when more recently reinforced forms of responding become
ineffective. Previous demonstrations of resurgence by withholding reinforcement for
current forms of responding (i.e., “extinction-induced resurgence;” Epstein, 1985) and by
punishing current responding (Wilson & Hayes, 1996) support that notion. Alternatively,
results of the present study suggest that resurgence also may be observed after a given
period of time during which responding is not maintained (i.e., reinforced). In the present
study, however, the conditions under which resurgence was observed differed significantly
from the typical extinction conditions arranged in previous studies of resurgence (e.g.,
Dixon & Hayes, 1998; Epstein, 1985). An important difference is that students’
responding during the post-reversal or follow-up tests in Experiment 1 never became

102
“ineffective.” In fact students were instructed prior to each test block that, although
feedback on their performance will be withheld, their earnings will continue to be recorded
by the experimenter. Therefore, it is possible that, because students’ patterns of
responding could continue to be effective in earning money, there was no reason for them
to change their patterns of responding.
Thus, it seems reasonable to conclude that the passage of time or events in time
are sufficient to produce the resurgence of original patterns of behavior. Clearly, more
study is needed to isolate the critical variables involved. Future studies might, for
example, determine the precise conditions under which most recent forms of responding
tend to give way to earlier forms, and what historical, subject, or procedural variables
might influence or modulate resurgence. Manipulations of variables that directly or
indirectly affect the strength of responding, such as decreasing or eliminating
reinforcement, punishing responses, or increasing the work requirement, to name a few,
might be fruitful avenues for future exploration.
Differences Between Stimulus Equivalence and Functional Equivalence
In addition to the obvious procedural features that distinguish the MTS task from
the naming task, the present study revealed some differences of theoretical significance.
Among them was the relative difficulty in demonstrating functional equivalence compared
to stimulus equivalence. In both experiments most students readily demonstrated the
properties of stimulus equivalence following the establishment of baseline conditional
discriminations. That is, most students demonstrated emergent MTS performances that
defined the properties of symmetry, transitivity, and equivalence often after one test block.
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Few students required more than one trial block to demonstrate equivalence relations
successfully, and only one student required explicit instructions. On the other hand, only 2
of 16 students across both experiments demonstrated functional equivalence successfully
among the experimenter-defined functional stimulus classes immediately upon presentation
of the transfer test. All other students required that such a transfer be reinforced or
instructed explicitly.
Although it is possible that the use of other procedures for training or testing might
have yielded more efficient demonstrations of stimulus equivalence and functional
equivalence, the present results are suggestive of potentially important characteristics of
stimulus equivalence and functional equivalence. Most apparent of these is that a set of
stimuli that shares a common function does not necessarily comprise a functional stimulus
class. In other words, training common names to sets of stimuli in the present study
appeared to establish independent functional relations with most students (all but S108).
Only after repeated function changes (or instruction) did stimuli become members of a
class – that is, a change in function with one member transferred to other members.
In addition, compared to the reversal of MTS performances in Condition 1, the
reversal of selected baseline stimulus functions in Condition 2 resulted, not in a
reorganization of the original stimulus classes, but instead in the complete reversal of
function across the other class stimuli. Thus, compared to a reorganization of stimulus
equivalence classes found in Condition 1, the organization of original functional stimulus
classes (A1B1C1, A2B2C2, and A3B3C3) remained intact after the reversal training.
These results are to be expected given the nature of the baseline and reversal
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contingencies arranged in the present experiment. With stimulus equivalence classes in
Condition 1, for example, because class-defining conditional discriminations were altered,
all relations derived from those prerequisite relations would be expected to change
accordingly. Indeed, this is what was found.
The reversal training involving functional stimulus classes in Condition 2, however,
involved reversing the class-defining responses instead of class memberships. Once
functional equivalence among sets of stimuli was established, by definition, any change in
responding applied to one stimulus of a set should have applied similarly to the other
stimuli of the set. The reversal training provided such a change, and the post-reversal
naming test made possible the demonstration of a transfer of function. Thus, the reversal
training and the post-reversal naming test were functionally similar to the previous test of
functional equivalence that was conducted before the reversal training. Both tested for
functional equivalence. It is possible that the initial test for functional equivalence, which
involved repeatedly adding new responses to the classes and then reinforcing or instructing
a transfer of function, established a context in which responding to stimuli as functionally
equivalent would pay off. Indeed, the instructions provided to some of the students were
designed to provide such a context.
The naming performance of Student S108 supports this interpretation. As
described previously, only S108 demonstrated the immediate transfer of novel responding
across stimulus class members during the test of functional equivalence. Thus, the transfer
of responding across stimulus-class members was not explicitly or implicitly reinforced or
instructed with this student as it was with the other students. Furthermore, only Student
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S108 failed to show a transfer of function during the post-reversal naming test. Instead
this student reversed the names for stimuli A1 and A2, as trained in the reversal phase, but
then responded to B and C stimuli in the post-reversal test with names that were
consistent with the original training. If the reversal training and post-reversal test
provided a test for functional equivalence, then Student S108’s post-reversal naming
performance suggests that the original functional stimulus classes no longer were
functionally equivalent. On the other hand, it is possible that the original functional
stimulus classes were reorganized (e.g., A2B1C1 and A1B2C2) by the reversal training.
However, because no additional test of functional equivalence was conducted, this
outcome remains speculative.
The naming performance of Student S108 also supports the notion that the
establishment of functional stimulus classes through repeated reversals may not be entirely
comparable to those established through repeated addition of new responses to the
classes. Greenway, Dougher, and Markham (1989), for example, found that novel
functions would sometimes but not always transfer among members of functional stimulus
classes that were established through reversal of functions. The reverse of this was found
with S108, who demonstrated functional equivalence after the addition of new responses
but not when responding across class members was reversed.
Furthermore, Saunders, Williams, and Spradlin (1996) pointed out that using
reversal of functions to establish functional stimulus classes does not result in novel or
derived relations (i.e., untrained or never before seen behavior). For instance, tests for
functional equivalence involving repeated reversals involve explicit reinforcement for
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transfer of function. Explicit reinforcement of transfer does not occur when responses are
added to classes at least on the first test for transfer. When responses are added a
“generalized” transfer of function may be learned, as in the present study. This
observation is significant given that most reports that have addressed the relation between
stimulus equivalence and functional equivalence (e.g., Dube, et al., 1991; Sidman, et al.,
1989; Vaughan, 1988) were based on performances with functional stimulus classes that
were established through repeated reversals of function. Because function reversals may
have different behavioral effects compared to adding new responses, these effects must be
taken into account, especially when comparisons are made to stimulus equivalence
performance. In addition, it seems reasonable to suggest that comparisons between
stimulus equivalence and functional equivalence are more appropriate when functional
equivalence is established by adding responses to classes because then derived
performances are involved in both.
Thus, the present experiments shed some light on the issues that have surrounded
the role of equivalence tests in demonstrations of functional stimulus classes. Because the
nature of the tests for functional equivalence may play a significant role in performance
outcomes, and that few studies have examined the relation between functional stimulus
classes and the transfer of novel function (Dougher & Markham, 1996), further study is
clearly warrant.
Analysis of Reaction Times
Analyses of reaction times also revealed some differences between MTS and
naming performances. Although absolute differences in response speeds were not found,

107
naming performances in general were found to be less variable within students. In other
words, speeds of MTS performances were more varied across trial types of stimulus
equivalence classes (i.e., baseline versus transitivity or equivalence) than of the naming
performances across stimuli of the functional stimulus classes. This difference in
variability supports the notion that selection-based MTS performances involve more
complex stimulus-control relations than topography-based naming performances (cf.
Michaels, 1985). For example, compared to the simple discriminations involved in naming
performances, the conditional discriminations arranged by typical MTS procedures require
an additional source of stimulus control (i.e., a conditional stimulus), an effective scanning
repertoire to survey the comparison choices, and an effective selection response (i.e.,
pointing or, in the present study, pressing a key corresponding to a location of stimulus
displayed on a computer screen). These factors alone or in combination might have been
responsible for more varied response speeds on MTS trials. When these behavioral
repertoires are not well-developed, for example in children or individuals with
developmental disabilities, differences between MTS and naming performances might be
more pronounced.
In addition the analyses of response speeds provided some support for previous
demonstrations of speed differences across equivalence trial types (e.g., Spencer & Chase,
1996). Baseline performances were faster, in general, compared to transitivity or
equivalence performances. However, procedural variables might have contributed to the
small effects on speed. For example small class size and high accuracy of MTS and
naming performances may have decreased the sensitivity to speed differences. The use of
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larger class sizes might have been more sensitive to differences in speed, even if accuracy
was high.
Effects of Baseline Reversals
Compared to other studies that have investigated the effects of baseline reversals
on equivalence performance (see Pilgrim & Galizio, 1996, and Spradlin, Saunders, &
Saunders, 1992 for reviews), the effects of the baseline reversals on class organization in
the present study were somewhat inconsistent and require further discussion. Studies by
Pilgrim and Galizio (1990, 1995), for example, showed consistently that compared to
baseline and symmetry relations, transitivity/equivalence relations appeared to be
insensitive to reversals of baseline contingencies. That is, when selected baseline
conditional discriminations were reversed, symmetry relations reversed accordingly, but
transitive/equivalence relations tended to remain consistent with original training. The
consistency of this finding across a range of procedural and subject variables has been
quite compelling, and has raised some important questions regarding whether equivalence
relations should be conceptualized as integrated behavioral units or as independent (or at
least different) stimulus-control relations.
Differences between the methods of the previous and present experiments,
however, appear to implicate several procedural differences that could be investigated
further. One procedural difference is the manner in which training and testing was
conducted. In the present experiment, a restricted reversal phase was conducted in which
only the reversed AB baseline relations were presented until the accuracy criterion was
met. In previous studies reversed baseline trials were presented along with the other
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unaltered baseline trials. A second difference was that reversal training and subsequent
post-reversal tests were conducted in separate discrete phases. In previous studies,
reversed baseline relations were not isolated from tests; they were embedded in blocks of
trials that included non-reinforced probe trials that tested for the properties of equivalence.
Although phase changes in the present experiment were not signaled explicitly or
instructed, training the reversed baseline relations to mastery before conducting
equivalence tests might have informed the students that conditions changed is some way.
Another difference was that a linear or sequential training procedure was used in
the present experiment. That is, the baseline relations AB and BC were trained, as
opposed to a one-to-many procedure in which one stimulus serves as a sample in two or
more conditional discriminations (e.g., AB and AC). It is generally thought that these two
methods for establishing the prerequisite relations from which the equivalence relations
can be derived are equally effective, and the results of a recent study (Wirth & Chase,
1998) suggest that this is the case with the procedures used in the present experiment.
Conclusions
Several similarities and differences between stimulus equivalence and functional
equivalence were revealed by the present experiments. Across both experiments no
appreciable differences were found in the speed of acquisition of MTS and naming
performances or between students’ reaction times on MTS and naming trials, although
small speed differences were revealed across MTS trial types. Experiment 1 showed that
both stimulus equivalence classes and functional stimulus classes were equally sensitive to
contingency reversals, and that the effects of the contingency reversal had expected effects
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of stimulus-class organization. Experiment 2 showed that both stimulus equivalence
classes and functional stimulus classes can be expanded with MTS or naming procedures,
but procedural limitations that resulted in decrements in baseline performance limited the
reliability of this finding across students. The present study also replicated previous
demonstrations of resurgence among derived equivalence relations, but also extended
those findings to derived naming performances involved in the establishment and
demonstration of functional stimulus classes.
Results of the present experiments, however, must be considered preliminary,
because novel procedures were used to compare selection-based MTS and topographybased naming performances and to establish functional stimulus classes using voicerecognition computer technology. The successful incorporation of voice-recognition
technology in the present experiments, however, holds promise for further study of
topography-based naming of stimuli, especially as it relates to the role of naming in the
establishment or demonstration of stimulus classes. Undoubtedly, the use of computerbased voice-recognition will expand the sophistication of research with humans, especially
as it relates to verbal behavior and language acquisition.
It is difficult to provide definitive conclusions about the relation between stimulus
equivalence and functional equivalence based on findings of no differences between MTS
and naming performances (i.e., negative or null results). About this, however, Sidman
(1960) said, “Data can be negative only in terms of a prediction. When one simply asks a
question of nature, the answer is always positive. Even an experimental manipulation that
produces no change in the dependent variable can provide useful and often important
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information” (p. 9). In the present study the procedures used to establish selection-based
MTS and topography-based naming performances were quite distinct. Mode of
responding (i.e., motor versus vocal) and differences between the MTS and naming
procedures (i.e., sources of stimulus control, scanning, and selection responses, as
described above) could be expected to yield measurable differences in performance. Thus,
finding similarities between stimulus equivalence and functional equivalence when
differences are highly likely may be highly informative. Sidman (1994) stated, “By
showing empirically that functional classes do imply equivalence relations in behavior, we
would achieve a remarkable degree of theoretical elegance, empirical predictability, and
potential data integration” (p. 421). The present study offered some initial data that serve
that goal, but further study clearly is needed to examine the limits of the similarities and to
isolate the variables responsible for differences as well.
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Appendix A
Consent Agreement
Introduction
I, _____________________, have been invited to participate in this research study which
has been explained to me by Oliver Wirth. This research is being conducted to fulfill the
requirements for a doctoral dissertation in Psychology at West Virginia University.
Purpose of the Study
The purpose of this study is to learn more about how the procedures involved in the
naming and matching of stimuli contribute to an understanding of language learning.
Description of the Procedures
My participation in this study will require that I attend four or five 1-hour sessions per
week for up to four weeks. In each session I will be presented symbols on a computer
screen and asked to name them with nonsense words or match them to other symbols. I
will wear a headset microphone so that the computer can record my vocal responses
during the naming task, and I will use the computer keyboard to enter my responses
during the matching task. Approximately 16 subjects will participate in this project.
Risks and Discomforts
There are no known or expected risks from participating in this study, except for mild
frustration associated with the naming and matching tasks.
Benefits
I understand that this study is not expected to be of direct benefit to me, but the
knowledge gained may be of benefit to others. I also understand that I can earn up to
$5.00 for each hour that I participate. I understand that the experimenters will keep track
of my earnings, and I will be paid this money at the end of the experiment. So that I may
keep accurate records also, the experimenters will give me an earnings statement each day
that I participate. In addition I will receive a one-dollar bonus for every hour session that
I attend. I understand that I will only receive this bonus if I complete the experiment in its
entirety. I understand that my participation in the experiment will be terminated if I fail to
attend two consecutive sessions without calling or contacting one of the contact persons
listed below. I also understand that I will be terminated from the experiment if I miss
more than five sessions over the course of the experiment. If I am terminated from the
experiment, I will lose my bonus earnings held in reserve. I know that I will not be
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expected to pay any costs or fees as a result of my participation in this study. I realize that
I am free to discontinue my participation at any time, but if I withdraw before the
completion of the experiment, I will forfeit my bonus pay.
Contact Persons
If I need to inform the experimenter or research assistant that I will not be able to attend a
session, or if I require more information about the study, I can contact Oliver Wirth
(Office: 110C Oglebay Hall) at 293-2001, ext. 875, or his supervisor Dr. Philip N. Chase
(Office: 101A Oglebay Hall) at 293-2001, ext. 626. For more information regarding my
rights as a research participant I may contact the Executive Secretary of the Institutional
Review Board at 294-7073.
Confidentiality
I understand that any information about me obtained as a result of my participation in this
research will be kept confidential as legally as possible. I understand also that my research
records, just like hospital records, may be subpoenaed by court order or may be inspected
by federal regulatory authorities. In any publications that result from this research, neither
my name nor any information from which I might be identified will be published without
my consent.
Voluntary Participation
Participation in this study is voluntary. I understand that I am free to withdraw my
consent to participate in this study at any time. Refusal to participate or withdrawal will
involve no penalty or loss of benefits and will not affect my grades or class standing. I
have been given the opportunity to ask questions about this research, and I have received
answers concerning areas I did not understand.
Upon signing this form, I will receive a copy.
I willingly consent to participate in this research.
________________________________________________
Signature of Participant
________________________________________________
Signature of Investigator or Investigator’s Representative
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Appendix B
Instructions Used for Functional Equivalence
“When the same name is trained to a set of symbols, those symbols are interchangeable.
Any change to one symbol of the set similarly affects the other symbols of the set. In
other words, if a new name is trained to one symbol of a set, then the same new name
applies to the other symbols of the set.”

121
Appendix C
Instructions Used for Stimulus Equivalence
“A set of symbols can be equal or interchangeable if they have been either directly of
indirectly matched to each other. By indirectly matching, we mean that if A = B and B =
C, then A will also equal C. A, B, and C are a set of equal or interchangeable symbols. It
doesn’t matter how many symbols are in a group or whether they look or sound alike. All
that matters is whether they have been related to each other directly or indirectly during
training. The basic logic is that if A = B and B = C, then A = C.”
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Abstract
SYMBOLIC BEHAVIOR:
REORGANIZING AND EXPANDING
STIMULUS CLASSES THROUGH
MATCHING AND NAMING
By Oliver Wirth
The purpose of the present study was to further clarify the structural and
functional properties of stimulus equivalence classes and functional stimulus classes
relative to the procedures that establish them. With college students, stimulus equivalence
classes were established using a standard selection-based matching-to-sample (MTS)
procedure and functional stimulus classes were established using a topography-based
naming task. During the naming trials, students were trained to say distinct nonsense
words in the presence of arbitrarily assigned sets of symbols. Computer-controlled voicerecognition software was used to record and analyze students’ vocal responses for
accuracy and speed. Experiment 1 examined whether stimulus equivalence classes and
functional stimulus classes were differentially susceptible to changes in the contingencies
that established them. Some of the prerequisite relations that define the stimulus classes
were reversed for two of three classes, and the resultant untrained relations that emerged
were compared to those of a third control class for which no relations were altered. The
effects of the reversed contingencies on the organization and maintenance of the classes
were assessed. Experiment 2 examined whether topography-based and selection-based
procedures have differential effects on expanding or enlarging stimulus equivalence classes
and functional stimulus classes with novel stimuli. Results of Experiment 1 showed that
both stimulus equivalence classes and functional stimulus classes were equally sensitive to
contingency reversals, and that the effects of the contingency reversal had expected effects
of stimulus-class organization. Experiment 2 showed that both stimulus equivalence
classes and functional stimulus classes were expanded with MTS or naming procedures,
but expansion of stimulus equivalence classes was more successful with the MTS
procedure and expansion of functional stimulus classes was more successful with the
naming procedure. The present study also replicated previous demonstrations of
resurgence among derived equivalence relations, but also extended those findings to
derived naming performances involved in the establishment and demonstration of
functional stimulus classes.

